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I.  Thoughts  on  Colouring,  anJ particularly'  iv'ith  a  RetrofpeB 
to  the  Method  ufcd  bj  the  Fenctians  in  the  Mecha?iical  Part 
^  the  Art,  and  to  their  Method  of  Arranging  the  Tints. 

A  theory  founded  on  experiment,  and  not  afTamed,  is  always  good 
£or  To  much  as  it  explains^  Bukke. 

SIR, 

♦3lNCE  i  troubled  you  with  a  paper  on  the  fubjeft  of 
Venetian  colouring  *,  T  have  paid  particular  attention  to 
fuch  piftures  of  that  fchool  as  have  occafionally  come  under 
my  notice,  and,  in  my  inquiry,  I  have  been  much  aided  by 
thofe  in  the  Orleans  colleftion  ;  but,  from  all  the  obfervations 
I  have  been  able  to  make,  I  cannot  help  concluding  that 
they  never  thought  of  the  abforbent  ground,  on  which  I 
made  fome  remarks  in  my  laft,  and  that  the  dark  red  ground 
never  formed  a  part  of  the  pi6lure.  Thofe  conclufions  I  feel 
authorifed  in  making  from  the  general  tendency  in  the  ab- 
forbent grounds  to  produce  a  hardnef:>,  a  thing  never  oc* 
curring  in  the  pictures  of  the  >^enctians  ;  and  that  the  ground 
never  entered  into  part  of  their  pictures. is  evident  from  their 
being  painted  folid  throughout,  and  the  jhadows  glazed  on  a 
hdj'  of  colour i  I  fhall,  with  a  view  further  to  illuftrate  the 
fubjedl,  introduce  (occafionally  as  quotations)  fuch  remarks 
on  colouring  as  I  made  in  my  catalogue  immediately  on  . 
my  viewing  the  pidures  in  the  collection  above  alluded  to,. 
'^  See  Vol.  IV. 

Vol.  VTII.  B  a  Qti 


4  Thoughts  on  Colourings 

On  looking  into  the  Venetian  piclures  (particularly  thofe  of 
Titian  and  Paul  Veronefe),  I  found  that  they  had  all  been 
prepared  with  colder  colours  than  the  finifliing  ones,  and  that 
there  was  one  general  colour  which  prevailed  throughout  the 
fhadows;  this  obfervation  induced  me  to  make  the  following 
remark:  "  the  Venetians  appear  to  have  prepared  their  pic- 
tures in  the  flefli,  and  its  (liadow  and  draperies,  in  a  colder 
ftate,  and  glazed  or  fcumbled  them  with  warmer  colours." 
One  of  the  greateft  confiderations  with  the  artift  is  to  ac- 
quire the  true  tone  of  the  fliadow  and  its  dinfy  fhadow;  to 
do  this  he  muft  ufe  fuch  colours  as  will  moft  readily  fvmpa- 
thife  with  each  other  in  mixing  :  to  this  end  it  will  be  found 
that  ivory  black,  Indian  red,  and  white,  w^ill  form  the  beft 
general  fhadow  colour,  which  may  in  the  flefh  be  improved 
with  vermilion  in  the  refleclions.  The  ivory  black,  and 
white,  improved  with  lake,  produces  a  moft  beautiful  pearly 
demi-tint  for  delicate  flefli,  and  at  the  fame  time  one  of  the 
trueft  and  moft  clean  that  can  be  acquired.  Ivor\'  black 
with  Indian  red,  or  lake,  glazes  finely,  and  may  be  highly 
improved,  when  drv,  with  brown  pink,  or  afphaltum,  ufed 
with  drying  oil.  This  is  very  like  the  method  I  formerly 
mentioned  *,  as  pra(S:ifed  by  that  great  man  Sir  Jofhua  Rey- 
riolds,  to  acquire  his  fliadows,  and  whofe  method  of  colour- 
ing was  truly  Venetian,  accompanied  with  a  chiaro  Jhiro 
they  were  ftrangers  to,  and  a  tafte  in  his  portraits  unexam- 
pled. Thofe  who  choofe  to  try,  will  find  their  advantage  in 
making  the  fhadow  colour  of  ivory  black,  vermilion,  and 
white  (as  mentioned  in  Vol.  IV.),  which  will  work  cleaner 
than  any  other  combination ;  and  which  colours,  with  the 
addition  of  burnt  ochre  in  dark  complexions,  and  yellow 
ochre  in  the  lights,  will  be  quite  fufficient  for  all  the  pur- 
pofes  in  flefh  for  firft  and  fccond  colouring,  or  till  the  draw- 
ing is  fixed  9  the  whole  being  afterwards  finiftied  by  glazing, 
to  give  depth  to  the  fliadows,  and  enrich  and  improve  the 
colouring.  Tintoret  appears  to  have  forwarded  his  pictures 
to  nearly  their  full  effedt,  with  a  pearly  colour  of  black,  red, 
and  whrte,  and  to  have  acquired  all  his  tints  by  glazing  with 
a  pure  tranfparcnt  colour,  invariably  leaving  the  lights  white 

*  Sec  Vol.  IV. 

to 
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,to  give  them  brilliancy :  Titian,  on  the  contrary,  dcad^CQ* 
loured  as  near  nature  as  pojjlhle,  only  enriching  his  colours 
by  glazing,  and  keeping  the  fhadows  as  near  of  a  tone  as 
poflible.  llic  abfurdity  of  ufing  dark  grounds  muft  be  ob- 
vious to  ev'erv  one  who  has  had  the  Icalt  pra6tice,  from  the 
tendency  in  the  white,  and  all  the  lighter  tints,  to  fink  into 
the  ground  ;  wiiich  accounts  for  the  darknefs  of  many  of 
the  old  piclures,  and  more  efpecially  thofe  that  have  been 
painted  thin.  However  delirable  it  may  be  to  have  one's 
pi^lures  well  coloured,  its  prcfence  will  by  no  means  com- 
penfate  for  the  lofs  of  dignity  of  compofition,  accuracy  of 
drawing  or  breadths :  he  that  is  content  to  pleafe  by  th(» 
illufion  of  colour,  or  that  flatters  the  eye  by  an  Induftrious 
difplay  of  tints,  nnift  not  expect  to  rank  high  in  the  art. 

•«  Mind,  miiui  alone,  (bear  witncfs  Earth  and  Heav'n') 

"  The  living  fountains  in  itfeif  contains 

*'  Of  beauteous  and  fublime  :   here  hand  in  hind 

"  Sit  paramount  the  Graces."  ^KEKSibE, 

.  I  have  often  been  led  to  think  that  the  exquifite  clearnefa 
obfervable  in  fonjc  of  the  pictures  of  Rubens,  arifes  at  this 
time  (in  a  great  degree)  from  his.  having  painted  them  on 
white,  or,  at  any  rate,  light  grounds  3  the  advantage  of  which 
will  be  obvious  to  any  one  that  choofes  to  try  the  following 
experiment:  that  is,  to  fpread  any  light  colour  (as  a  flefli 
colour  for  inltance)  on  a  ground  prepared  half  white  and 
half  dark;  in  the  courfe  of  two  or  three  days,  that  on  the 
white  ground  will  appear  clear,  .wiiile  the  latter  will  have 
funk  many  degrees  into  the  under  dark  colour.  Another 
advantage  attending  a  light  ground  is,  that  the  piAure  is  not 
fo  liable  to  be  injured  by  cleaning,  not  to  mentiovi  its  wear- 
ing better:  two  of  the  fineft  pictures,  by  Titian,  in  the  Or- 
leans collection  (Diana  and  Acteon,  and  Diana  and  Galifto), 
bear  (trong  teitiniony  to  the  truth  of  the  above  obfervation ; 
the  former  being  in  tine  prefervalion,  owing  to  its  having 
been  painted  with  a  great  body  of  colour ;  while  the  latter 
having  only  a  thin  coat,  the  dark  red  ground  appears 
through  the  fletii,  to  its  irreparable  injury.  This  evil  would 
in  a  great  mcafure  have  been  avoided,  had  the  ground"  been 

light; 
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light;  anil  it  is  evident  that  the  ground  was  not  intended  t9 
make  the  leall  part  of  the  effeet  in  the  picture  originally,  as 
the  thinnefs  in  the  colour  above  alluded  to,  looks  as  if  owing 
to  accident,  and  the  halle  of  a  man  who  could  fell  all  the 
pictures  he  painted. 

I  have  already  mentioned  that  the  befl:  general  fliadow 
colour  is  ivory  black,  Sec.  which,  if  the  lights  and  middle 
tints  are  coloured  as  near  nature  as  poflible,  may  be  enriched 
by  glazing;  or  the  glazing  may  be  done  on  the  middle  tints, 
and  the  lights  of  one  general  hue  laid  on  them,  which  ap- 
pears at  times  to  have  been  the  practice  of  Titian.  The  foU 
lowing  remark  on  the  picture  of  Diana  and  Califto,  may 
ferve  as  a  further  illuflration  i — •'*  There  appears  to  be  yellow 
in  all  the  lights,  even  the  blue;  I  therefore  infer,  that  they 
confidered  the  light  as  giving  a  colour,  or  of  changing,  in  a 
fmall  degree,  the  local  colour  of  the  objeAs,  and  that  theif 
principle  of  colouring  was  thus  :  the  lights  on  the  ohj eels  par ^ 
t<*ok  of  the  colour  of  the  lights  the  middle  tints  gave  the  local 
i^lour,  and  the  fhadows  luarin^  and  pretty  much  of  on^  hue.'^ 
A  pifture  painted  on  the  above  plan,  will  have  a  harmonious 
and  pleafant  effe£t. 

I  wifh  the  artifts  of  any  eminence  would  communicate  the 
refqlt  of  their  pra«5tice ;  much  good  would  arife  from  it.- 
Fine  writing  is  not  a  neceflary  requifite;  for,  ki  matters  in- 
tended to  inftruift,  clcarnefs  will  more  than  compcnfate  for 
want  of  elegance :  fuch  a  condu6l  would  contribute  to  re- 
move many  of  the  practical  ditlicultieli  the  ftudent  labours 
under ;  an  inconvenience  I  niyfelf  have  greatly  felt. 

It  is  very  rarely  that  you  fee  a  diftin^t  or  whole  colour  in 
the  Venetian  pictures;  as  their  blues  feldom  go  beyond  a 
violet,  and  the  reds,  a  crimfon.  *^  In  all  the  pictures  in  the 
room  (Orleans  collection)  by  this  mailer  (Titian),  no  one 
decilive  colour  is  to  be  feen,  as  they  are  all  broken  to  corre- 
fpond  with  each  other :  that  is,  the  red  are  broken  with  yeU 
low,  yellows  with  red,  and  fo  on.  He  appears  to  have  been 
particularly  careful  not  to  introduce  blue  or  cold  colours^ 
and,  when  they  do  occur,  it  is  only  in  fmall  quantities." 

I  would  by  no  means  have  it  underdood  that  I  wifli  to 
lie  the  artift  down  to  a  particular  manner  of  colouring  j  one 
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oF  our  profeffional  evils  is  looking  too  much  to  art  for  Us  rules; 
hut  I  believe  a  great  fource  of  the  pleafure  derived  from  the 
fight  of  the  Venetian  piftures,   is  their  comfortable  warm 
mafles  :  great  caution  however  will  be  required  to  diftingiiifli 
bctueen  a  glowing  and  a  glaring  colour ;  as  we  are  apt  to  ad- 
mire what  is  fhowy,  before  we  can  diftinguilh  what  is  beau- 
tiful.    I  have  frequently  had  occafion  to  remark  the  fatisfac- 
tion  expreffed  by  the  fpeftators  on  viewing  a  warmly  coloured 
picture,  and  the  degree  of  comfort  it  has  appeared  to  impart : 
this  has  frequently  led  me  to  reflcft  on  the  application  of 
colour  to  medical  purpofes,  as  in  the  ague  or  fever,  or  how- 
much  the  mind  might  be  tranquilifed  by  the  room  being  of 
a  particular  colour;  every  one  is  fenfible  of  the  effctt  of  that 
beautiful  amber-coloured  light  that  at  times  prevails  on  our 
fummer's  evenings,  and  which  is  fo  highly  congenial  to  health 
and  life*. 

In  all  cafes  the  good  fenfe  of  the  artift  muft  be  ufed,  for 
the  colouring  that  fuits  one  fubjeft  will  not  agree  with  an- 
other ;  moft  of  the  Venetian  piftures  that  I  have  feen,  have 
been  of  the  pleaiing  or  ornamental  caft,  which  require  more 
decoration  of  colour  than  the  higher  walks  of  hi  (lory,  but  I 
have  never  been  able  to  prevail  on  mvfelf  to  believe  the  moft 
fublime  fubjedl  would  be  hurt  by  grouping  the  colours.  It 
would  be  worth  inquiring  how  far  the  painter  might  be  be- 
nefited (as  the  poet  certainly  is)  bv  confidering  colours  as 
indicative  of  the  pallions,  and  applying  them  accordingly: 
the  fiery  reds  convey  the  idea  of  anger,  and  in  this  fenfe  arc. 
often  ufed : 

"  Should  intermitted  vengeance  arm  again 

"  His  red  right  hand  to  plague  us  ?  Milto>". 

■■  The  faft  is  it  is  ufed  medically,  as  in  the  cafe  of  weak  eyes,  but  not 
on  fo  extenfive  a  plan  as  it  might  be ;  forinftance,  if  the  walls  of  the 
chambers  where  infane  people  are  confined  were  to  be  plaftered  to  an  uni- 
form furface,  and  coloured  of  a  ftill  green,  as  near  the  tranquil  colour  of 
grafs  as  polfible,  it  is  probable  it  would  contribute  to  compofe  the  fpirits; 
inrtead  of  which  the  light  is  diftrafted,  and  in  all  probability  the  mind  fct 
to  work  In  decyphering  the  fidures  and  irregularities  in  their  furrouading 
old  walls,  which  may  ultimately  end  in  provoking  that  propenfity  to- 
wards drawing  exprelTed  by  many  unfortunate  people. 

Addifon 
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Atklifon,  in  his  Cato,  heightens  his  figure  by  "  red  with 
uncommon  wrath/'  Gray  and  the  foft  green  convey  the 
idea  of  tranquillitv  ;  and  the  dark  blue  gray,  and  brown,  of 

farrow  and  melancholv  : 

rre,  goddcfs,  bring, 


*'  To  arched  walks  of  twilighr  grovis, 

•♦  And  Hiadows  brown,  that  Sylvan  loves, 

"  Of  pine r— .  _        Milions  11  Pcnferofi,- 

Mellow  tones  ever  a{Ibciate  with  gentle,  and  fharp  one* 
with  violent,  emotions. 

In  the  pra6lice  of  glazing,  the  Icfs  oil  is  ufcd  the  better;  if 
the  part  is  rubbed  out,  and  wiped  dry  with  a  filk  rag  (an  old 
filk  handkerchief  is  good,  but  a  piece  of  wafh  leather  does 
bed),  then  the  colour  fhould  be  driven  as  much  as  poffible 
and  often  repeated  if  neceflary,  except  it  (liould  be  a  colour 
that  requires  drying  oil :  and,  I  believe,  on  moft  occafions,  if 
the  part  is  hard,  drying  oil  and  turpentine,  in  equal  parts, 
will  be  found  as  good  a  vehicle  as  any.  In  what  the  artift 
terms  fcumblmg,  or  ufing  an  opaque  colour  thin,  it  fhould 
be  driven  with  a  ftiiF  pencil,  and  as  little  oil  as  poflible. 

As  a  conclufion  to  the  prefent  paper,  I  (hall  add  the  fom 
©f  my  remarks  on  the  Venetian  pictures  in  the  Orleans  col- 
Iee"tion  : — "From  the  piftures  of  Titian  and  Paul  Veronefe 
I  judge  the^'  were  particularly  careful  to  group  the  warn* 
firolours  j  to  avoid  the  ufe  of  blue  and  cold  ones ;  never  ia 
fajh'  them  to  interrupt  the  principal  maj's  of  light,  ivhtch 
'with  them  is  akvaj'S  compvj'ed  of  ivarm  colours',  that  the  eold 
colours  were  fparingly  introduced  for  the  purpofe  of  fupport- 
ir^  the  blue  in  the  (ky  or  diftance,  as  in  No.  123,  240,  249% 
and  never  on  the  principal  ohjed.  In  many  of  their  pictures 
there  is  a  total  exclufion  of  the  cold  colours,  as  in  169  and 
181 ;  in  others,  where  the  colours  of  the  objects  are  all 
warm,  the  flcies  are  broken  either  with  warm  purple  clouds, 
or  the  blue  of  the  element  reduced  to  gray,  as  in  49,  211, 

*  »Z3,  Holy  family  in  a  lanJfcape,  Titian  ;  240,  Diana  and  Afteon, 
Titian;  and  24.9,  Diana  and  Caiifto,  Titian;  169,  an  Allegory;  and 
«8i,  a  ditio,  Paul  Vcronefc. 

220. 
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aao*;  their  (hadows  prepared  with  a  gray  or  pearly  colour, 
enriched  with  glazing:  their  draperies  glazed ;  flefh  glazed, 
and  fcumbled  with  rich  virgin  tints;  and  the  whole  harmo- 
nifed  by  the  high  lights  being  touched  on  with  a  warm  yel- 
low colour,  nearly  of  the  tone  of  the  high  lights  of  the  flefli, 
as  in  remark  on  No.  249  f."  I  cannot  help  adding,  there 
were  not  any  piftures  in  the  Orleans  colle<Slion  which  (in 
point  of  colour)  looked  fo  agreeable  as  the  Venetian,  owing 
to  their  principal  mafs  of  colour  being  invariably  warm ; 
wherever  the  contrary  occurred,  the  efTeft  on  the  eye  was 
unpleafant ;  as  alfo  when  the  great  mafs  was  difturbed  by  the 
intervention  of  a  cold  colour. 

I  remain,  Sir,  your  humble  fcrvant, 

E.  DATES. 

Fiancis-ftreet, 
April  II,    itoo. 

The  Editor  of  the  Philofophical  Magazine. 


II.   Experiments  on  the  RefrangihiUty  of  the  invifthle  Rays  of 
the  Sun.     £y  William  Herschel,  LL.D.F.R.S.X 


I 


N  that  fe<ftion  of  my  former  paper  which  treats  of  radiant 
heat,  it  was  hinted,  though  from  imperfeft  experiments, 
that  the  range  of  its  refrangibiiity  is  probably  more  exteniive 
than  that  of  the  prifmatic  colours :  but,  having  lately  had 
feme  favourable  funfliine,  and  obtained  a  lufficient  confirm- 
ation of  the  fame,  it  will  be  proper  to  add  the  following  ex- 
periments to  thofe  which  have  been  given  : — 

I  provided  a  fmall  Hand,  with  four  fliort  legs,  and  covered 
it  with  white  paper  §.  On  this  I  drew  five  lines,  parallel  to 
one  end  of  the  ftand,  at  half  an  inch  dillance  from  each 
other,  but  fo  that  the  firft  of  the  lines  might  only  be  i-  of  an 

•    249,   Venus   rifing    from   the  fca,  Titian;    211,  the  education  of 
Cupid,  Titian;   220,  Europa,  Titian, 
f  Diana  and  Califlo,  Titian. 

J  From  the  T'ranfad'.om  of  the  R'jyal  Society  for  iSoo. 
f   See  Phtel.  fig.  2. 
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inch  from  the  edge.  Thefc  lines  1  interfered  at  right  angles 
with  three  others ;  the  feeond  and  third  whereof  were,  re- 
fpec"lively,  at  2^  and  at  4  inches  from  the  lirft. 

The  fame  thermometers  that  have  before  hccn  marked 
No.  1,  S,  and  3,  mounted  upon  their  fmall  inchned  plane?, 
were  then  placed  fo  a?  to  ha\e  the  centres  of  the  shadow  of 
their  balls  thrown  on  the  Iiiterfection  of  ihefe  lines.  Now, 
fettiug  mv  little  ftand  upon  a  table,  I  eaufed  the  prifmatic 
fpeclrum  to  fall  with  iis  extreme  colour  upon  the  edge  of 
the  paper,  fo  that  none  mitrht  advance  bevond  the  tirft  line. 
In  this  arrangement,  all  the  f|Kotrnm,  except  the  vanifliing 
laft  quarter  of  an  inch,  which  ferved  as  a  dire6lion,  palled 
down  bv  the  edge  of  the  ftand,  and  could  not  interfere  with 
the  experiments.  I  had  alfo  now  ufed  the  precaution  of 
darkening  the  window  in  which  the  prifm  was  placed,  by 
fixing  up  a  thick  dark  green  curtain,  to  keep  out  as  much 
light  as  convenient. 

The  thermometers  being  perfeelly  fettled  at  the  tempera- 
ture of  the  ro;)m,  I  placed  the  ftand  fo  that  part  of  the  red 
colour,  refracled  bv  the  prifm,  fell  on  the  edge  of  the  paper, 
])efore  the  thermometer  No.  i,  and  about  half  way,  or  i^ 
inch,  towards  the  feeond  :  it  eonfequentlv  did  not  come  be- 
fore that,  or  the  third  thermometer,  both  which  were  to  bc- 
my  ftandards.  During  the  experiment,  I  kept  the  laft  ter- 
mination of  vifible  red  carefully  to  the  firft  line,  as  a  limit 
afllgned  to  it,  by  gently  moving  the  lland  when  required; 
and  found  the  thermometers,  which  were  all  placed  on  the 
feeond  line,  affected  as  follows : 

No.  J.         No.  2.         No.  3.  ,  Here  the  thermometer  No.  i 

rofe  6;  degrees  in  10  mi- 
nutes, when  its  centre  was 
placed  '  inch  beyond  vi- 
iible  light. 

In  order  to  have  a  conlirmation  of  this  fa(!"t,  I  cooled  the 
thermometer  No.  i,  and  placed  No.  2  in  the  room  of  it: 
T  alio  put  No.  3  in  the  [)lace  of  No.  2,  and  No.  i  in  that  of 
No.  3  ;  and,  having  expoled  them  as  before,  arranged  on  the 
feeond  line,   I  had  the  following  refult: 

■  No. 


45 

45 

44 

49 

45 

44 

51 

44:- 

44 

5o\ 

431 

43 

No.  2. 

No.  3 

44 

44 

47 

44 

4^^ 

44 

46i 

44 

of  the  invi/thle  Rnvs  of  the  Suti.  II 

No.  i.\  Here  the  thermometer  No.  2 


4.> 
45 
4."; 
45 


role  s|  degrees  in  is  mi- 
mites ;  ami  beiiio;,  as  has 
been  noticed  betbre,  muck 
more  fenfible  than  No.  i, 


<0.   T. 

No.  2. 

No. 

46 

46 

451 

50 

46'- 

4^ 

51  i 

46; 

4^^ 

.5^:^ 

47 

46I 

it  came  to  the  temperature  of  its  litualion  a  ihort  time;  but 
I  left  it  expoled  longer,  on  purpofe  to  be  perfectly  afliired 
of  the  refult.  Its  fliowing  but  i^  degrees  advance,  when 
No.  1  flmwed  6',  has  aho  been  accounted  for  before. 

It  being  now  evident  that  there  was  a  refraction  of  rays 
comintr  from  the  fun,  uliich,  though  not  fit  for  vilion,  werf 
vet  liisrhlv  invelted  with  a  power  of  occafioning  heat,  I  pro- 
ceeded to  examine  it?  extent  as  follows : 

The  thermometers  were  anauged  on  the  third  line  infiead 
of  the  fecond ;  and  the  ftaud  was,  as  before,  immerfed  up  to 
the  firft,  in  the  coloured  margin  of  the  vanifliing  red  rays. 
The  refult  was  thus : 

,-^  Here  the  thermometer  No.  T, 
rofe  5^  degrees  in  i  ]  mi- 
nutes, at  I  inch  behind 
the  vifible  light  of  the  rc<l 
ravs. 

I  placed  now  the  thermometers  on  the  fourth  line  inftead 
of  the  third;  and,  proceeding  as  before,   I  had  the  following 
refult : 
No.  .1.         No.  2.         No.  3.^  Therefore,  the  thermometer 

48^  48!;  47^     >     No.  I,  rofe  3^  degree  in 

51  i-  48I  47|-    J       10  minutes,    at    1^-   itich 

beyond  the  vllible  light  of  the  red  rays. 

I  might  now  have  gone  to  the  fifth  line ;  but  fo  fine  a  day, 
with  regard  to  clearnefs  of  fky  and  perfect  calmnefs,  was  not 
to  be  expelled  often  at  this  time  of  the  year ;  I  therefore 
liaftened  to  make  a  trial  of  the  other  extreme  of  the  prifmatic 
fpeftrum.  This  was  attended  with  fomc  difficulty,  as  the 
illumination  of  the  violet  rays  is  fo  feeble,  that  a  precife  ter- 
mination of  it  cannot  be  perceived.  However,  as  well  as 
could  be  judtred,  I  placed  the  thermometers  one  inch  be- 
vond  the  reach  of  the  violet  ravs,  and  found  the  refult  as 
follows : 

Cz  No. 


1» 

Exper 

intents  on  (/ 

No.  I. 

No.  %. 

No.  3.-1 

48 

48 

471 

48 

48 

471 

48 

47t 

47 

48I- 

47i 

47 

48 

48 

47  I:     J 

No.  I. 

No.  2. 

No.  3 

48 

48 

47"- 

48I 

48- 

47t 

48! 

•   48I- 

471 

49 

48; 

47} 

Here  the  feveral  Indications 
of  the  thermometers,  two 
of  which,  No.  I  and  2, 
\\ere  ufed  as  variable, 
while  the  third  was  kept 
as  the  ftandard,  were  read 
off  during  a  time  that  lafted  12  minutes;  but  they  afford,  ai 
may  be  fcen  by  infpeclion,  no  ground  for  afcribing  any  of 
their  fmall  changes  to  other  caufes  than  the  accidental  dif- 
turbance  which  will  arife  from  the  motion  of  the  air  in  a 
room  where  fome  employment  is  carried  on. 

I  expofed  the  thermometer  now  to  the  line  of  the  very  firft 
perceptible  violet  light,  but  fo  that  No.  i  and  2  might  again 
be  in  the  illumination,  while  No.  3  remained  a  flandard. 
The  refult  proved  as  follows  : 

Here  the  thermometer  No.  1 
rofe  I  degree  in  15  mi- 
nutes ;  and  No.  2  rofe 
'  dcegree  in  the  fame 
time. 

From  thefe  laft  experiments,  T  was  now  fufficiently  per- 
fuadcd,  that  no  rays  which  might  fall  beyond  the  violet, 
could  have  anv  perceptible  power  either  of  illuminating  or 
of  heating;  and  that  both  thefe  powers  continued  together 
throughout  the  prifmalic  fpedlrum,  and  ended  where  the 
fainteft  violet  vanifhes. 

A  very  material  point  remained  dill  to  be  determined, 
which  was,  the  fituation  of  the  maximum  of  the  heating 
power. 

As  I  knew  already  that  it  did  not  lie  on  the  violet  fide  of 
the  red,  I  began  at  the  full  red  colour,  and  expofed  my  ther-  , 
monieters,  arranged  on  aline,  fo  as  to  have  the  ball  of  No.  i 
in  the  midft  of  its  rays,  while  the  other  two  remained  at  the 
fide,  unaffe6l:ed  by  them. 

No.  I.         No.  2.         No.  3.-^  Here  the  thermometer  No.  i 
48!-  48^  48     I      rofe  7  degrees  in  10  mi- 

^^[-  48^-  48     ?*     nutcs,  by  an  expofure  to 

5_5i.  48'  48    ■>'       the  full  red  coloured  rays. 

I  drew  back  the  ftand,  till  the  centre  of  the  ball  of  No.  i, 
was  juft  at  the  vaniftiing  of  the  red  colour,  fo  that  half  its 
ball  was  withm,  and  half  without,  the  vifiblc  rays  of  the  fun. 

No. 


No.  1. 

No.  2. 

No- 3 

57 

49 

48: 

5K 

49^ 

49 

59 

50  f 

49; 

59 

50 

49' 
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No.  I.         No.  3.         No.  ^.-N  TT      ..     ,,  .     XT 

n ,  o ,  «       I  "cre  the  thermometer  No.  i 

't^f  '^■yf"  '^o       >     rofe  8  dcjirees  in  10  mi- 

57     •         49  481-  -^ 

By  way  of  not  lofins  time,  in  order  to  connect  thefe  lad 
obfervations  the  better  together,  I  did  not  bring  back  the 
thermometer  No.  i,  to  the  temperature  of  the  room,  being 
already  well  acquainted  with  its  rate  of-  fliowing,  compared 
to  that  of  No.  3,  but  went  on  to  the  next  experiment,  by 
withdrawing  the  ftand,  till  the  whole  ball  of  No.  i  was 
completely  out  of  the  fun's  vilible  ravs,  yet  fo  as  to  bring 
the  termination  of  the  line  of  the  red  colour  as  near  the  out- 
fide  of  the  ball  as  could  be  without  touching  it. 

Here  the  thermometer  No.  i, 
rofe,  in  10  minutes,  an- 
•  other  degree  higher  than 
in  it,  former  fuuation  it 
could  be  brought  up  to ; 
and  was  now  9  degrees  above  the  ftandard.  Tiie  ball  of  this 
thermometer,  as  has  been  noticed,  is  exaAly  half  an  inch  in 
diameter;  and  its  centre,  therefore,  was  ~  inch  beyond  the 
vifible  illumination,  to  which  no  part  of  it  was  expofed. 

It  would  not  have  been  proper  to  compare  thefe  laft  obferv- 
ations with  ihofe  taken  ai  an  earlier  period  this  morning,  in 
order  to  obtain  a  true  maximam,  as  the  fun  was  now  more 
powerful  than  it  had  been  at  thac  time ;  for  which  reafon  I 
caufed  the  line  of  termination  of  vifible  light,  now  to  fall 
again  jufti  inch  from  the  centre  of  the  ball,  and  had  the 
following  refult : 

No.  1.         No.  2.         No.  3.  A  And  here  the  thermometer 
504-  50^  50  No.  I,  rofe,  in  16  minutes, 

57^  50  49^     >     8^^  degrees,  when  its  cen- 

58^  50  49 1-  tre  was  I  inch  out  of  the 

581  50  49^    J      vifible   rays   of   the    fun. 

Now,  as  before  v^'e  had  a  rifing  of  nine  degrees,  and  here  8^, 
the  diiTcrence  i«  almoft  too  trifling  to  fuppofe  that  this  latter 
fituation  of  the  thermometer  was  much  beyond  the  maxirauni 
of  the  healm^  power;  while,  at  the  fame  time,  the  experi- 
ment fufficitntly  indicates  that  the  place  inquired  after,  need 
Hot  be  looked  for  at  a  greater  difiance. 

4  U 
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It  will  now  be  eafy  to  draw  the  refult  of  thefe  obfervations- 
into  a  very  narrow  compafs. 

The  firft  four  experiments  prove  that  there  are  rnvs  coming 
from  the  fun  which  are  lefs  refrangible  than  anv  of  thofe  that 
afFe(5l  the  light.  Thev  are  invcfted  with  a  high  jwwer  of 
heating  bodies,  but  with  none  of  illuminating  objefts ;  and 
this  explains  the  reafon  why  they  have  hitherto  elcaped  un- 
ii;)ticed. 

Mv  prefent  intention  is,  not  to  aflign  the  ancle  of  thcleaft 
refrangibiliiv  belonging  to  thefe  rays,  for  which  purpofc 
more  accurate,  repeated,  and  extended  experiments  are  re- 
quired. But,  at  the  diftance  of  52  inches  from  the  prifm, 
there  was  ftill  a  confiderable  heating  ])ower  exerted  by  our 
invifible  rays,  one  inch  and  a  half  beyond  the  red  ones, 
meafured  upon  their  proje6lion  on  a  horizontal  plane.  I 
have  no  doubt  but  that  their  efficacy  may  be  traced  ftill 
fomewhat  further. 

The  fifth  and  fixth  experiments  fliow  that  the  power  of 
hcatino-  is  extended  to  the  utmoft  limits  of  the  vilible  violet 
rays,  but  not  beyond  them  ;  and  that  it  is  gradually  impaired 
as  the  rays  grow  more  refrangible. 

The  four  laft  experiments  prove  that  the  maximum  of  the 
heating  power  is  vefted  among  the  invifible  ravs,  and  is  pro- 
bably not  lefs  than  half  an  inch  bevond  the  laft  vifible  ones 
when  projected  in  the  manner  before  mentioned.  The  fame 
experiments  alfo  fliow,  that  the  fun's  invifible  ravs,  in  their 
lefs  refrangible  ftate,  and  confiderablv  bevond  the  maximum, 
ftill  exert  a  heating  power  fullv  equal  10  that  of  red-coloured 
liirht ;  and  that,  confequentlv,  if  we  may  infer  the  (quantity 
of  the  efilcient  from  the  effect  produced,  the  invifible  rays  of 
the  fun  probably  far  exceed  the  vifible  ones  in  number. 

To  conclude,  if  we  call  light,  thofe  ravs  which  illuminate 
objects,  and  riuliunt  heat,  thofe  which  heat  bodies,  it  may 
be  inquired.  Whether  light  be  eflentiallv  different  from  ra- 
diant heat  ?  In  anfwer  to  which  I  would  fuggeft,  that  we 
are  nut  allowed,  bv  the  rules  of  philofophifing,  to  admit  two 
different  caufes  to  explain  certain  effects,  if  they  may  be  ac- 
counted for  by  one.     A  beam  of  radiant  heat,   emanating 

from 
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from  the  fun,  confifts  of  ravs  that  arc  differently  refrangible. 
The  range  of  their  extent,  when  difperfed  bv  a  prifm,  begin-? 
at  violet-coloured  light,  where  they  are  mod  refracted,  and 
have  the  lea(t  efficacy.  We  have  traced  ihcfe  calorific  rays 
throughout  the  whole  extent  of  the  prifmatie  fpeetrum,  and 
found  their  power  increafing,  while  their  retrangibility  was 
Icffened,  as  far  as  to  the  confines  of  red-coloured  light.  But 
their  diminifliing  rcfrangibilitv,  and  increafing  power,  did  not 
ftop  here;  for  we  have  purfutd  them  a  confiderable  way  be- 
yond the  prifmatie  J p€ drum y  into  an  invifible  fiate,  liill  ex- 
erting their  increafing  energy,  with  a  decreafe  of  retrangi- 
bility, up  to  the  niuxinuun  of  their  power;  and  have  alfo 
traced  them  to  that  Itate  where,  though  Itill  lefs  refra6led, 
their  energy,  on  account,  we  may  luppofe,  of  their  now  fail- 
ing denfity,  decreafed  pretty  fall;  after  which,  the  invifible 
thermomctrical  fpednim^  if  I  may  fo  call  it,  foon  vanifhed. 

If  this  be  a  true  account  of  folar  heat,  for  the  fupport  of 
which  I  appeal  to  my  experiments,  it  remains  only  for  us  to 
admit,  that  fuch  of  the  rays  of  the  fun  as  have  the  refrangi- 
bilityof  thofe  which  are  contained  in  the  prifmatie  fpcctruni, 
by  the  conftruclion  of  the  organs  of  fight,  are  admitted  under 
the  appearance  of  light  and  colours ;  and  that  the  reft,  being 
flopped  in  the  coats  and  humours  of  the  eye,  act  upon  them, 
as  they  are  known  to  do  upon  all  the  other  parts  of  our  body, 
by  occafioning  a  fenfation  of  heat. 
Slough,  near  V\indfor, 

^larch  I  7,  iSoo. 

Explanation  of  Plate  I.  fg.  2. 

AB,  the  fmall  ftand.  i,  2,  3,  the  thermometers  upon  It. 
CD,  the  prifm  at  the  window.  E,  the  fpe6lrum,  thrown 
upon  the  table  fo  as  to  bring  the  laft  quarter  of  an  inch  of 
the  red  colour  upon  the  Itand. 
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III.  Experiments  on  the  Jolar  and  on  the  terrejlrial  Rays  that 
Qccajion  Heat;  with  a  comparative  View  of  the  Laws  to 
ivh'ich  Light  and  Heat,  or  rather  the  Rays  which  occojton 
ibeniy  are  fabjed,  in  order  to  determine  whether  they  are  the 
fame,  or  different.  By  Willi  AM  Herschel,  LL,D. 
F.R.S.* 

Part  I. 

X  HE  word  heat,  in  its  mod  common  acceptation,  denotes 
a  certain  fenfation,  which  is  well  known  to  every  perfon. 
The  caufe  of  this  lenfatjon,  to  avoid  ambiguity,  ought  to 
have  been  diftinguifhed  by  a  name  different  from  that  which 
is  ufcd  to  point  out  its  effe6t.  Various  authors,  indeed,  who 
have  treated  on  the  fubjeft  of  heat,  have  occafionally  added 
certain  terms  to  diftinguifli  their  conceptions,  fuch  as,  latent, 
abfolute,  fpecific,  fenfible  heat ;  while  others  have  adopted 
the  new  expreffions  of  caloric,  and  the  matter  of  heat.  None 
of  thefe  defcriptive  appellations,  however,  would  have  com- 
pletely anfwered  my  purpofe.  I  might,  as  in  the  preceding 
papers,  have  ufed  the  name  radiant  heat,  which  has  been 
introduced  by  a  celebrated  author,  and  which  certainly  is 
not  very  different  from  the  expreffions  I  have  now  adopted ; 
but,  by  calling  the  fubjeft  of  my  refearches,  the  rays  that 
occafion  heat,  I  cannot  be  mifunderftood  as  meaning  that 
thefe  rays  themfelves  are  heat;  nor  do  I  in  any  refpecl  engage 
myfelf  to  (liow  in  what  manner  they  produce  heat. 

From  what  has  been  faid,  it  follows  thai  any  objeftions 
that  may  be  alleged  from  the  fuppofed  agency  of  heat  in 
other  circumftances  than  in  its  ffate  of  radiance,  or  heat- 
making  rays,  cannot  be  admitted  againft  my  experiments. 
For,  notwithftanding  I  may  be  inclined  to  believe  that  all 
phaenomena  in  which  heat  is  concerned,  fuch  as  the  expan- 
(ion  of  bodies,  fluidity,  congelation,  fermentation,  friction, 
&c.  as  well  as  heat,  in  its  various  Itates  of  being  latent,  fpe- 
cific, abfolute,  or  fenfible,  may  be  explained  on  the  principle 
of  heat-making  rays,  and  vibrations  occafioned  by  them  in 
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Ihe  parts  of  bodies ;  yet  this  is  not  intended,  at  prefent,  to 
be  any  part  of  what  I  fliall  endeavour  to  eftahlifli. 

I  muft  alfo  remark  that,  in  ufing  the  word  rays^  I  do  not 
mean  to  oppofe,  much  lefs  to  countenance,  tl  -=•  opinion  of 
thofe  phllofophers  who  ftill  believe  that  Ught  itielf  comes  to 
MS  froin  the  fun,  not  by  rays,  but  by  the  fuppofed  vibrations 
of  an  elaftic  ether,  every  where  diffufed  throughout  fpace ;  I 
onlv  claim  the  fame  privilege  for  the  rays  that  occafion  hcat^ 
which  thev  are  willing  to  allow  to  thofe  that  illuminate 
objet5ls.  For,  in  what  manner  foever  this  radiance  may  be 
eife6lcd,  it  will  be  fully  proved  hereafter  that  the  evidence 
either  for  rays,  or  for  vibrations  which  occafion  heat,  ftands 
on  the  fame  foundation  on  which  the  radiance  of  the  illu- 
minating principle,  light,  is  built. 

In  order  to  enter  on  our  fubjeft  with  fome  regularity,  it 
will  be  neceflary  to  diftinguifli  heat  into  fix  different  kinds, 
three  whereof  are  folar,  and  three  terreftrial;  but,  as  the  di- 
vifions  of  terreftrial  heat  ftriftly  rcfemble  thofe  of  folar,  it  will 
riot  be  necefiarv  to  treat  of  them  feparately;  our  fubjeft,  there- 
fore, may  be  reduced  to  the  three  following  general  heads : 

We  fhall  begin  with  the  heat  of  luminous  bodies  in  ge- 
neral, fuch  as,  in  the  firfl:  place,  we  have  it  diredtly  from 
the  fun;  and  as,  in  the  fecond,  we  may  obtain  it  from 
terreftrial  flames,  fuch  as  torches,  candles,  lamps,  blue- 
lights,  &c. 

Our  next  divifion  comprehends  the  heat  of  coloured  ra- 
diants. This  we  obtain,  in  the  firft  place,  from  the  fun,  by 
feparatlng  its  rays  in  a  prifm ;  and,  in  the  fecond,  by  having 
recourfe  to  culinary  fires  openly  expofed. 

The  third  divifion  relates  to  heat  obtained  from  radiants, 
where  neither  light  nor  colour  in  the  rays  can  be  perceived. 
This,  as  I  have  fhown,  is  to  be  had,  in  the  firfl:  place,  di- 
reftly  from  the  fun,  by  means  of  a  prifm  applied  to  its  rays ; 
and,  in  the  fecond,  we  may  have  It  from  fires  inclcfed  in 
ftoves,  and  from  red-hot  iron  cooled  till  it  can  no  longer  be 
feen  in  the  dark. 

Befides  the  arrangement  in  the  order  of  my  experiments 
\vhich  would  arife  from  this  divifion,  we  have  another  fubjecl 
to  confider.     For,  fince  the  chief  defign  of  this  paper  is  to 
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give  a  comparative  view  of  the  operations  that  may  be  per- 
formed on  the  rays  that  occafion  heat,  and  of  thofe  which 
we  already  know  to  have  been  effected  on  the  rays  that  oc- 
cafion light,  it  will  be  neceflarv-  to  take  a  ihort  review  of  the 
latter.  I  fhall  merely  fele6t  ftich  fafts  as  not  only  are  per- 
feclly  well  known,  but  elpecially  fuch  as  will  anfwer  the  in- 
tention of  my  comparative  view,  and  arrange  them  in  the 
foHowing  order, 

1.  Light,  both  folar  and  terreftrial,  is  a  fenfation  occa- 
fioned  by  rays  emanating  from  luminous  bodies,  which  have 
a  power  of  illuminating  objefts;  and,  according  to  circum* 
ftances,  of  making  them  appear  of  various  colours. 

2.  Thefe  rays  are  fubject  to  the  laws  of  reflecSlion. 

3.  They  are  likewife  fubjecSl  to  the  laws  of  refraction. 

4.  They  are  of  different  refrangibility. 

5.  They  are  liable  to  be  ftopped,  in  certain  proportions, 
when  tranfmitted  through  diaphanous  bodies. 

6.  They  are  liable  to  be  fcattered  on  rough  furfaces. 

7.  They  have  hitherto  been  fuppofed  to  have  a  power  oi" 
heating  bodies  j  but  this  remains  to  be  examined. 

The  fimilar  propofitions  relating  to  heat,  which  are  in*- 
tended  to  be  proved  in  this  paper,  will  ftand  as  follows : 

I.  Heat,  both  folar  and  terreftrial/ is  a  fenfation  occa- 
fioned  by  rays  emanating  from  candent  fubftances,  vvhici\ 
have  a  power  of  heating  bodies. 
~     2.  Thefe  rays  are  fubjeft  to  the  laws  of  refleftion. 

3.  They  are  likewife  fubjeft  to  the  laws  of  refraction. 

4.  They  are  of  difierent  refrangibility. 

5.  They  are  liable  to  be  ftopped,  in  certain  proportions, 
when  tranfmitted  through  diaphanous  bodies. 

6.  They  are  liable  to  be  fcattered  on  rough  furfaces. 

7.  Thev  may  be  fuppofed,  when  in  a  certain  ftate  of 
energv,  to  have  a  power  of  illuminating  obje6ts ;  but  this 
remains  to  be  examined. 

Before  T  can  go  on,  I  have  to  mention  that  the  number 
t»f  experiments  which  will  be  required  to  make  good  ail  thefe 
points,  exceeds  the  ufual  length  of  my  papers  j  on  which 
account,  I  (hall  divide  the  prefent  one  in-to  two  parts.  Pro- 
ceeding, therefore,  now  to  an  inveftigation  of  the  three  firft 
9  heads 
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heads  that  have  been  propofed,  I  referve  the  three  next,  and 
a  difculfion  which  will  be  brought  on  by  the  fevenlh  article, 
for  the  fecond  part. 

I/?  "Experiment.  ReJieBion  of  the  Heat  of  the  Sun. 
T  expofed  the  thermometer,  which  in  a  former  paper  has 
been  denoted  by  No.  3,  to  the  eye-end  of  a  ten-feet  New- 
tonian telefcopc,  which  carried  a  Camera  eye-piece*,  but  no 
eye-glafs.  When,  bv  proper  adj ailment,  the  focus  came  to 
the  ball  of  the  thermometer,  it  rofe  from  52  degrees  to  iioj 
fo  that  rays  which  came  from  the  fun,  underwent  three  re- 
gular reflections ;  one  on  a  concave  mirror,  and  the  other  two 
on  two  plain  ones.  Now  thefe  rays,  whether  they  were 
thofe  of  light  or  not,  for  that  our  experiment  cannot  afcer- 
tain,  had  a  power  of  occafioning  heat,  which  was  manifefted 
in  railing  the  thermometer  ^'6  degrees, 

id  Experimcfif.  Refiedion  of  the  Heat  of  a  Candle, 
At  the  diftance  of  29  inches  from  a  candle,  I  planted  ^ 
fmall  fteel  mirror,  of  3^%  inches  diameter,  and  about  2^:  inches 
focal  length  f.  In  the  fecondary  focus  of  it,  I  placed  the 
ball  of  the  thermometer  which  in  my  paper  has  been  marked 
No.  3 ;  and  very  near  it,  but  out  of  the  reach  of  refledlion, 
the  thermometer  No.  3.  Having  covered  the  mirror  till 
both  were  come  to  the  temperature  of  their  ftations,  I  began 
as  follows: 

^ere,  in  five  minutes,  the 
thermometer  No.  2,  re- 
ceived 3^  degrees  of  heat 
from  the  candle  by  re- 
flccled  rays.  I  now  covered 
the  mirror,  but  left  all  the 
rell  of  the  apparatus  un- 
touched. 


Here,  in  fix  minutes,  the  ther- 
mometer loft  the  3^  degrees 
of  heat  again,  which  it  had 
gained  before.  I  uncovered 
the  mirror  once  more. 
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of  54  54 ^  And,  in  five  minutes,  the  3^  degrees 

Ir  56  54  I      of  heat  were  regained.     In  confe- 

S'z  S7  54  I      quence  of  which  we  are   affure^i 

5  57  r  54-'      that  certain  rays  came  from  the 

candle,  fubjeft  to  the  laws  of  reflexion,  which,  though  they 
might  not  be  the  rays  of  hght,  for  that  our  experiment  does 
not  determine,  were  evidently  inverted  with  a  power  of  heat- 
ing the  thermometer  placed  in  the  focps  of  the  mirror. 

^d  Experiment.     ReficBian  of  the  Heat  that  accompanies  thf 

Solar  prtfmatic  Colours. 

In  the  fpeftrum  of  the  fun,  given  by  a  prifpi,  I  placed  my 
(mail  lleel  mirror,  with  a  thermometer  in  its  focus*.  It 
was  covered  by  a  piece  of  paftebpard,  wjiich,  through  a 
proper  opening,  admitted  all  the  vifible  colours  to  fall  on  its 
polifhed  furface,  but  excluded  every  other  ray  of  heat  that 
might  be  either  on  the  violet  or  on  the  red  fide,  beyond  the 
fpeclrum.  Then,  placing  the  apparatus  fo  as  to  have  the 
thermometer  in  the  red  rays,  but  keeping  the- mirror  covered 
up  till  the  thermometer  became  fettled,  I  found  it  ftationary 
at  58°.     Uncovering  the  mirror,  I  had  as  follows: 

No.  2.-\  Here,  in  two  minutes,  the  thermometer  rofe 
^  S^      (      3S  degrees,  by  refle6led  heat.     I  covered 

2  93     -^      ^^^  mirrpr  again,  and,  in  a  few  minutes, 

the  thermometer  expofed  to  the  dire6l  prjfmalic  red  cam^ 
4own  to  58°  again.  And  thus  the  prifmatic  colours,  if  they 
4ire  not  thcmfelves  the  heat-making  rays,  are  at  leait  accom- 
panied by  fuch  as  have  a  power  of  occalioning  heat,  £ind  arc 
liable  to  be  regularly  reflecled. 

4/Z>  Experiment.     Rejletllon  of  the  Heat  of  a  red-hot  Poher, 

I  placed  the  fmall  fteel  mirror  at  twelve  inches  from  a  red- 
hot  poker,  fet  with  its  healed  end  upwards,  in  a  perpendi- 
cular pofition,  and  fo  elevated  as  to  throw  its  rays  on  the 
mirrorf.  The  thermometer  No.  2,  was  placed  in  its  fe- 
condary  focus,  and  had  a  fmall  pafteboard  fcreen,  to  guar^ 
its  ball  from  the  direft  heat  of  the  poker. 

*  See  Plate  II.  fig.  i.  -j-  See  Plate  I.  fig.  i. 

No.. 
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No.  3.     -N  Here,  in  i  V  minute,  the  thermo- 
c'  54 J        I      meter  rofe  38  ^  degrees  by  re- 

14.  93  V     fleded   rays ;    and,    when  the 

I  covered  the  mirror.     |      mirror  was   covered  up,  it  fell 
3'  6^         J      in  the  next  i  ^-  minute,  28  de- 

grees.    On  which  account  we  cannot  but  allow  that  certain 
rays,  whether  it  be  thofe  that  fhine  or  not,  iffue  from  an 
ignited  poker,  which  are  fubjc6l  to  the  regular  laws  of  re- 
fledliou,  and  have  a  power  of  heating  bodies. 
[To  be  continued.  J 


\y.  Account  of  Jome  interejl'ing  'Experiments^  performed  at 
the  London  Phllofophical  Society,  refpeSl'ing  the  JLffeSts  of 
Heat,  excited  by  a  Stream  of  Oxygen  Gas  throivn  upon 
ignited  Charcoal ,  on  a.  number  of  Q^ms  and  other  refrac- 
tory Subjlanccs  fuhmitted  to  its  Atlion ;  with  a  Defcription 
of  the  Apparatus  employed  *, 
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T  is  well  known  that  no  methods  with  which  we  are  yet 
acquainted,  are  capable  of  exciting  a  degree  of  heat  which  is 
at  all  to  be  compared  with  that  produced  by  the  agents  em- 
ployed in  the  operations  about  to  be  defcribed.  The  ftriking 
experiment  of  the  deflagration  of  iron-wire  in  oxygen  gas  is 
frequently  accompanied  with  phaenomena,  not  hitherto  at- 
tended to  as  they  deferve  to  be,  which  furnifh  ftrong  proofs 
in  fupport  of  this  aflertion. 

A  receiver,  or  bell-glafs,  that  will  hold  about  two  quarts, 
with  an  aperture  at  the  top  of  about  one  inch  in  diameter 
(fuch  ^s  is  now  ufually  denominated  "  a  deflagrating  glafs"), 
is  charged  with  oxygen  gas,  in  the  ufual  manner,  on  the  flielf 
of  a  pneumatic  tub,  the  aperture  being  flopped  with  a  cork, 
or,  which  is  better,  covered  with  a  piece  of  ilate,  or  other 
fuitable  fubftance,  ground  flat  fo  as  to  lie  clofely  on  its  edges. 
If  the  veflel  be  then  removed  from  the  fhelf  into  an  earthen 
plate,  with  a  fufficient  quantity  of  water  in  it  to  cover  the 
edge  of  the  receiver,  and  prevent  the  efcape  of  the  gas  from 

"  From  the  unpublifhed  minutes  of  the  Society.  We  are  promifed, 
from  the  fame  quarter,  feveral  ether  iuterefting  communicati«ns. 

below. 
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"below,  the  phaenomena  will  be  the  better  ol)ferved.  TIte 
t\ire  being  prepared  by  coiling  it  up  into  a  Ipiral,  like  a  cork- 
fcrew,  inlcTting  i^s  fuperior  extremity  into  a  cork  or  cover, 
adapted  to  the  fuperior  aperture  of  the  receiver,  and  winding 
a  little  cotton  round  its  lower  extremity;  the  cotton  is  to  be 
very  nightly  dipped  in  the  melted  tallow  of  a  candle,  and  then 
fct  on  fire.  This  gives  fuch  a  degree  of  temperature  to  the 
v.ire  as  occafions  it  to  take  fire  when  introduced  into  the  gas^ 
which  is  done  by  removing  the  cork  or  cover  from  the  re- 
ceiver and  fubffituting  that  containing  the  wire  at  the  mo-- 
njent  of  its  ignition. 

The  wire  then  begins  to  deflagrate,  and  liltle  globules  of 
melted  iron  are  formed  at  its  extremity ;  each  fallii>g  off  in 
fucceflion  when  it  acquires  a  weight  fufiicient  to  detach  it 
from  the  remainder  of  the  burning  metal.  One  circum- 
itance,  which  cannot  fail  to  imprefs  the  mind  firongly  with 
the  intenfity  of  the  heat  produced  in  this  experiment,  is,  that 
jnanv  of  thefe  globules,  though  they  mull  neceflTarily  firft 
pafs  throush  the  water  in  the  plate,  are  always  found,  even 
■w'hen  the  water  is  two  inches  or  upwards  in  depth  within 
the  receiver,  to  have  fufed  the  ^•itreous  glazing  completely 
throucch,  and  to  be  fo  ftrongly  united  with  it,  that  they  can- 
not be  afterwards  fcparated  without  detaching  the  glazing, 
together  with  the  femi-vitrefie'd  and  flag-like  globule  which 
idhcres  to  it. 

Another  effeft,  which  may  be  produced  at  pleafurc,  fur- 
nifhes,  if  poffible,  a  dill  more  convincing  proof  of  the  in- 
tenfity of  the  heat.  The  drops  of  liquid  iron  generally  ac- 
quire the  fize  of  a  fmall  pea  before  they  detach  themfclves. 
If  the  experimenter,  watching  the  moment,  give  a  quick 
jerk  to  the  wire,  and  make  the  globule  ftrikc  the  fide  of  the 
glafs,  it  will  often  be  found  to  melt  its  way  through  in  an 
inftant,  leavine;  a  hole  in  the  glafs,  whofe  edges  are  as  well 
defined  as  if  it  had  been  drilled.  The  glafs  ufed  on  this 
cccafion  in  the  Society,  and  which  is  fuch  a  one  as  Mr.  Var- 
?ev,  the  experimenter  to  this  inftitution,  makes  ufe  of  in  liis 
public  lectures,  is  generally  as  thick  as  a  firong  drinking 
tumbler;  and  it  is  worthy  of  remark,  that,  though  in  charg- 
iijo-  the  glafs,  perhaps  jjiot  a  minute  before  the  experiment, 

it 
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Ix  muft  ncceflTarily  be  immerfed  in  water,  neiihcr  its  coiJiitis 
or  humidity  hinders  the  pafTiiae  of  the  globule,  which  lecins 
to  make  its  way  through  with  as  much  eafe  as  it  would 
through  a  piece  of  writing  paper.  When  the  jerk  is  lefa 
powerful,  the  ball  of  iron  will  fometimes  not  go  quite 
through,  but  lodge  itfclf  in  the  fubllance  of  the  glafs,  which 
it  in  that  clfe  generally  foftens  fo  as  to  raife  a  protul>erancc 
on  the  outfule. 

The  conteniplatiou  of  fuch  powerful  efFefts  of  heat  as  thefe, 
induced  the  Society,  on  the  fugg-eftion  of  a  very  worthy 
tnember,  and  zealous  cultivator  of  the  fcicnces,  Mr.  Francll- 
lon,  to  enter  upon  the  prefent  experiments,  which  were  per- 
formed upon  the  different  fpecies  of  gems  hereafter  enume- 
rated ;  for  iill  of  which  the  Society  w?.s  indebted  to  the  po- 
iitenefs  of  the  gentleman  who  tlrlt  propofed  the  fubjecl,  and 
from  whofe  very  valuable  cabinet  they  were  accordingly  fup- 
plied. 

The  experiments  were  made  in  the  prefence  of  the  Society 
At  difFerentnneetings,  from  a^-ih  September  to  36th  Novem- 
ber 1798,  in  the  order  in  which  they  are  here  mentioned ; 
tiie  prefent  account  being  compiled  from  the  original  mi- 
nutes taken  by  Mr.  Turton,  their  fecretary,  with  that  degree 
of  accuracy  which  ufually  charafterifes  them,  and  which  have 
again  been  compared  with  the  gems  in  their  prefent  ftate. 

The  apparatus  employed  v;ill  be  defcribed  at  the  end  of 
the  prefent  communication. 

Diamonds. 

I.  The  firft  ftone  fubjetted  to  experiment  was  a  rofe  dia- 
mond of  the  weight  of  i'ths  of  a  carat.  It  was  put  upon  a 
piece  of  compa6t  charcoal  in  which  a  fmall  excavation  had 
been  previoufly  made,  and  the  iiame  of  a  lamp^  urged  by  a 
common  bl(;w-pipe,  then  thrown  into  the  cavity.  When 
the  charcoal  was  ignited  it  was  prefcntcd  to  another  blow- 
pipe, fupphed  by  the  galometer  with  an  uninterrupted  flream 
of  oxygen  gas. 

The  diamond,  at  the  end  of  one  minute  and  fifty  feconds, 
was  found  to  weigh  only  /+tha,  having  loft  4jths  of  its  ori- 
ginal 
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ginal  weight.     It  had  loft  its  tranfparency,  figure,  arici  jio-" 
liture. 

Bergman  obferves,  that  the  diamond,  urged  by  a  very  in- 
tenfe  heat,  contrafts  a  fort  of  foot  upon  its  furface :  no  ap-: 
pcarance  of  this  kind  was  obferved  on  the  prefent  occafion. 

The  unconfumed  portion  of  the  diamond,  which  was  re- 
cut  after  the  experiment,  now  exhibits  exailly  the  f^mie  fpeJ 
cies  of  kiftre  as  before.  It  originally  "  drew  colour,"  as 
jewellers  term  it ;  that  is,  it  had  a  flight  brown  tinge 
throughout,  fomewhat  like  that  of  a  fmoked  topa?,  but  very 
pale.  It  has  ftill  the  fame  colour.  Mr.  Francillon,  whofe 
experience  in  matters  of  this  nature  is  equal  to  that  of  moft 
perfons,  made  an  obfervation  on  this  circumftance  which 
deferves  to  be  mentioned.  It  feems  that  there  are  fome  dia- 
monds which,  although  in  themfelves  colourlefs,  contain 
''  fouls"  or  "  fpecks,"  as  they  are  called,  which  are  cavities 
filled  with  red,  yellow,  or  brown  earths;  and  thefe  colours, 
being  refledled  through  the  tranfparent  fubftance  of  the  ftone 
when  cut,  give  it  the  appearance  of  being  itfelf  coloured.- 
When  fuch  ftones  are  fubjefted  to  heat,  the  earth  in  thefe 
cavities  turns  black ;  the  ftone  after  this  *'  plays  colour- 
lefs," and  the  defcA  is  cured.  Thofe  which  *^draw  colour,'* 
that  is,  which  are  themfelves  tinged,  undergo  no  change  by 
being  heated. 

II.  Another  diamond,  which  weighed  4.^ths  of  a  carat, 
was  fubjecled  to  heat  excited  by  oxygen  gas  in  the  fame 
manner  as  the  former.  At  the  end  of  i^  53"  it  was  with- 
drawn, and  was  found  to  have  loft  -^-^ths,  or  r?^'^?  of  its  ori- 
ginal weight,  In  a  few  feconds  more,  it  would  have  eh- 
iLrely  difappeared.  It  was  indeed  the  intention  of  the  Society 
to  have  produced  tliis  cifcft ;  but  one  of  thofe  fortunate  cir- 
cumftances  which  fometimes  lead  to  confiderable  difcoveries, 
prcfented  on  this  occafion  a  phenomenon  even  more  inter- 
efting  than  that  of  the  total  diflipation  of  the  gem,  though 
no  Icfs  to  have  been  expe6ted.  The  diamond  was  at  this 
time  accidentally  thrown  from  the  charcoal,  and  ivas  clearly 
and  d'^llinSlly  feen  to  jiame  as  a  combujUble  body  in  its  paffage 
throiigh  the  air.    The  flame  was  of  a  blueifti  pearl  colour,  and. 
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nearly  three  quarters  of  an  inch  in  length.  This  experiment 
has  fince  been  frequently  repeated,  and  always  fucceeds  in 
nearly  the  fame  manner. 

•  This  ftone  remains  ftill  in  the  flate  in  which  the  experi- 
ment left  it.  Its  figure  and  polifli  are  quite  gone,  and  it  is 
lludded  all  over  with  carbonaceous  matter  of  a  fomewhat 
metallic  brilliancy,  which,  on  examination  with  a  magni- 
fier, appears  to  be  plumbago,  in  union  with  the  furtace  of 
the  diamond. 

Amethyjls. 

III.  An  amethyft,  weighing  i^*^  carat,  in  ^o"  broke  into 
fcveral  pieces.  At  the  end  of  i'  c^^'  the  fragments  were 
withdrawn  and  again  weighed,  as  there  was  reafon  to  fupeft 
that  fome  of  them  had  flown  off.  Some  of  them,  weighing 
-^|ths  of  a  carat,  were  then  taken  and  expofed  to  the  heat  for 
i'  15^^,  when  they  became  fufed  into  one  mafs,  which,  on 
cooling,  again  broke  into  feveral  pieces. 

The  colour  of  the  ftone  is  gone;  the  fragments  are  femi- 
tranfparent,  and  very  much  refemble  fragments  of  cryflals  of 
a  pure  white  fait ;  fuch,  for  inflance,  as  purified  nitre.  The 
fufed  mafs  might  perhaps  have  been  preferved  entire,  if  the 
precaution  of  cooling  it  flowly,  by  placing  it  under  a  muffle^ 
or  in  a  crucible,  in  a  furnace,  and  fuflering  the  fire  to  die 
away  gradually,  had  been  taken ;  but  this  was  not  attempted. 

IV.  Another  amcthyfl,  weighing  half  a  carat,  expofed  to 
the  heat  for  5/,  was  fufed  into  a  globule  which  is  nearly 
fpheroidal  and  pretty  fmooth,  but  full  of  fmall  bubbles  and 
cracks,  fmiilar  to  thofe  in  glafs  which  is  thrown,  when 
heated,  into  water.  The  whole  is  colourlefs  and  tranfparent 
like  flint  glafs,  except  a  portion  on  one  fide,  which,  having 
probably  been  leafl  heated,  looks  like  white  enamel.  The 
ftone  loft  j^  part  of  its  w  eight. 

Sapphires, 

V.  An  oriental  fapphire,  weighing  i-^^  carat,  though  the 
heat  was  applied  with  caution,  by  expofing  it  firfl  to  the 
a6tion  of  a  lamp  urged  by  a  common  blow-pipe,  broke  into 
three  pieces,  but  feemed  to  have  undergone  no  other  change 
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at  the  end  vof  one  minute.  The  fragments  were  then  fub* 
je(!:1ed  to  the  heat  excited  hy  a  ftream  of  oxygen  gas  thrown 
upon  the  charcoal  for  z  6''.  Two  of  the  pieces  became  co- 
lourlefs  and  have  fome  refembiance  to  alum ;  the  third  re- 
tains, in  fome  meaiure,  its  original  colour.  Their  prefcnt 
weight  is  "^iths  of  a  carat.  They  have  all  of  them  loft  a 
confiderable  portion  of  their  tranfparency,  but  have  a  rough 
poliHij  and  retain  their  facets. 

V[.  Another  fapphire,  in  the  form  of  a  parallelopipedon, 
weighing  ^\hs  of  a  carat,  being  expofed  to  the  ftrong  heat 
for  2'  ^'^"j  had  its  angles  rounded  off,  fo  that  it  became  re- 
duced to  the  form  of  a  tamarind-ftone,  and  loft  its  tranf- 
parency. It  is  now  a  femi-tranfparent  whitifli  niafs,  but 
ftill  retaining  fome  traces  of  its  original  colour.  It  is  in  part 
covered  and  interfperled  with  a  kind  of  brown  fcori?e  very 
like  copper  bronze.     The  weight  is  the  fame  as  at  firft. 

VII.  Seven  lapphires,  weighing  together  ^|ths  of  a  carat, 
heated  for  9'  c^^'',  loft  no  weight,  but  became  agglutinated 
together  J  the  fufed  coat  in  which  they  are  enveloped  having 
the  appearance  of  a  whitiih  femi-tranfparent  vitreous  cement, 
throuo-h  which  the  remainder  of  the  ftones  are  feen  ftill  re- 
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tainmg  fomewhat  of  their  colour.  One  portion  or  face  of 
the  mafs,  containing  two  of  them  joined  as  already  men- 
tioned, was  afterwards  fubjcfted  to  the  lapidary's  wheel :  it 
took  a  good  polifti,  and  proved  as  hard  as  at  firft.  The  ap- 
pearance of  the  different  parts  of  the  polifhed  face,  is  the 
fame  as  that  of  other  fimilar  parts  of  the  mafs. 
Oriental  Topazes. 

VIII.  A  topaz,  weighing  ||ths  of  a  carat,  was  expofed 
for  3'  19  '  to  a  heat  excited  by  oxygen  gas,  thrown  upon  tlie 
charcoal  on  which  it  lay,  in  two  ftreams,  by  means  of  a 
double  blow-pipe  of  a  new  conftru6lion,  fuggefted  and  exe- 
cuted by  jMr.  Varley,  and  which  will  be  defcribed,  along 
with  the  other  parts  of  the  apparatus,  in  its  proper  place. 
The  ftone  entirely  loft  its  colour,  and  nov^'  refembles  a  piece 
of  borax.  The  fufion,  if  there  was  any,  was  extremely  faperfi  - 
cial,  being  only  juft  fufficient  to  deftroy  the  polifti,  the  form 
and  facets  ftill  remaining,   with  the  angles  a  little  obtunded. 

Its  weight  is  the  fame  as  at  firft. 

IX. 
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IX.  Three  more,  weighing  |-'ths  of  a  carat,  heated  for 
4'  26  ',  became  agglutinated  together,  but  were  found  to 
have  loll  none  of  their  weight.  JBeintr  heated  a  fecond  time 
for  4' 30",  they  melted  into  a  globule,  which  broke  in  cool- 
ing. The  principal  portion  is  roundifli,  and  the  fufion  has 
evidently  been  complete  :  it  has  a  brownifh  appearance  on 
the  fufed  furface,  but  is  clearer  in  the  fraclurc ;  tlie  whole 
being  fomewhat  like  a  piece  of  dirty  camphor.  The  weight 
is  a  little  increafed. 

X.  A  topaz,  weighing  ^^ths  of  a  carat,  after  being  ex- 
pofed  to  the  heat  for  4' 33'',  ^vas  found  to  have  loft  T^^^rths. 
It  had,  like  the  lalt,  loft  its  colour,  but  ftill  partly  retains  its 
original  figure.  One  fmall  furface  was  afterwards  tried  on 
the  lapidary's  wheel,  and  found  to  be  as  hard  as  before. 

Brazilian  Topaz. 

XI.  A  Brazilian  topaz,  weighing  ^Hhs  of  a  carat,  after 
being  in  the  heat  for  3' 26,  came  out -^?ths.  It  was  per- 
fecllv  fufed,  and  had  become  of  an  ©pake  white,  like  a  fufed 
fait;  fuch,  for  example,  diS  fal prunelLe. 

Oriental  Rubies. 

XII.  One  weighing  ^iths  of  a  carat,  heated  for  2 '9'', 
feems  flightlv  and  fuperficially  fufed  :  it  is  cracked,  but  the 
pieces  have  not  feparated.  The  weight  and  colour  are  the 
fame  as  before.  It  is  well  known  that  rubies,  when  expoled 
to  a  common  lamp  and  blow-pipe,  become  colourlefs,  but 
recover  their  colour  fuddenlv  and  inftantly  on  cooling,  when 
a  little  below  a  red  heat.  This  rubv,  after  its  expofure  to  the 
intenfe  heat  excited  by  the  decompofition  of  the  oxygen  gas, 
refumed  its  colour  as  it  would  have  done  if  it  had  been  ex- 
pofed  to  a  lower  heat. 

XIII.  Five  rubies,  weighing  together  half  a  carat,  were 
expofed  to  the  heat  for  4' without  lofing  any  weight.  The 
whole  became  agglutinated  into  a  (hapelefs  mals,  in  which 
the  remains  of  the  original  ftones  now  appear  interfperfed  in 
a  white  vitreous  cement.  The  colour  of  the  fmaller  ftones 
was  changed  whitifti,  but  one  larger  portion  was  but  litde 
altered  in  this  refDe(5t. 
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XIV.  Eight  more,  weighing  i /r  carat,  heated  for  5' 8", 
loft  no  weight :  they  were  agglutinated,  like  the  former,  into 
a  lliapelefs  mafs  (which  afterwards  broke  in  two),  with  the 
fame  appearance  of  a  whitifh  vitreous  matter  interpofed.  Otic 
fmall  portion  of  the  furface  flill  retained  a  tine  polifli.  An- 
other part  of  it  was  afterwards  poliflied  by  the  lapidary  :  the 
Itone  was  found  to  be  as  hard  as  before. 

XV.  To  prove  whether  a  longer  cxpofurc  would  not  pro- 
duce a  more  perfect  fufion,  fcven  more,  which  weighed  to- 
gether half  a  carat,  were  fubje6led  to  the  heat  for  9'  2",  but 
without  undergoing  any  other  change  than  that  of  being  fuf- 
ficiently  fuled  to  be  firmly  agglulinited  together  by  a  white 
vitreous  cement :  the  colour  of  the  ftones  themfelves  remains, 
in  a  certain  degree,  unaltered. 

XVI.  Nine  rubies,  weighing  ^|ths  of  a  carat,  were  in- 
tended to  be  expofed  for  a  ftill  longer  portion  of  time,  but, 
after  6'  10",  were  obferved  to  be  in  fufion.  They  were  then 
withdrawn,  and  the  mafs  weighed,  but  no  lofs  of  weight  was 
perceptible.  They  now  compofe  an  opake,  dirty-looking, 
whitifli  mafs,  fomewhat  like  melted  camphor,  and  which 
has  evidently  been  perfectly  fufed.  A  few  fmall  portions 
llill  retain  fomewhat  of  their  original  colour;  but  would 
probably,  alfo,  have  become  white  or  gray,  by  a  longer  con- 
tinuance of  the  heat. 

It  is,  perhaps,  worthy  of  obfervation,  that  a  happy  acci- 
dental arrangement  of  the  fub fiances  employed,  will  fome- 
times  produce  inftantancoufly  more  powerful  effefts  than  a 
longer  expofure  under  other  circumftances.  This  was  the 
cafe  in  the  prefent  inftance  ;  for  the  weigiit  of  the  rubies  ufed 
in  the  laft  experiment,  was  to  that  of  thofe  employed  in  the 
preceding  one,  as  3  to  2,  and  yet,  though  the  heat  was  ap- 
plied for  little  more  than  2-3ds  of  the  lime,  the  effefts  were 
much  more  llriking. 

Some  remark  may  perhaps  alfo  be  applicable  with  regard 
to  the  white  vitreous  fubftance  into  which  the  furfaces  o!  the 
ftones  become  changed.  Is  it  probable  that  the  il':ali  of  the 
charcoal  contributed  to  deftroy  the  colour  of  tlie  ftones  ?  or. 
Would  a  carbonaceous  fubftance,  containing  no  alkali,  have 
exhibited  with  them  the  fame  phoenomena  in  all  refpeds  ? 

..\  This, 
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This,  and  other  queftions  which  will  fugged  themfclves, 
can  only  be  fatisfaclorily  anfwered  by  experiment.  It  fcems 
at  lead  poflible,  however,  that  the  refults  might  be  different 
if  fufion  could  be  effe6led  under  circumftances  which  fhould 
preclude  the  poffibility  of  extraneous  admixture.  It  is,  per- 
haps, not  altogether  abfurd  to  fuppofe  that  the  mafs  might  in 
that  cafe  entirely  retain  its  original  colour ;  and  that  at  fome 
future,  and  perhaps  not  a  very  diftant  period,  fmall  flones  and 
fragments  may  be  fufed  into  larger  mafles  poflefling  all  the 
properties  of  the  natural  gems  with  as  much  certainty  as 
metals  are  now  caft  into  ingots. 

[To  be  continued.] 


V.  yin  Ej/ay  on  the  Decli'vitles  of  IMountains.  By  Rich  A  no 
Kir  WAX,  Efq.  LL.D.  F.R.S.  and  Prefident  of  the  Rojial 
Ir'yh  Acadeinj  *. 


A= 


,MONG  the  various  caufes  to  whofe  aftivlty  the  planet 
we  inhabit  owes  its  prefent  wonderfully  diverfilied  appear- 
ance, fome  undoubtedly  exerted  their  influence  from  its  very 
origin,  and  others  at  fubfequent  periods;  of  thcfe  laft,  one 
at  lead,  namely,  the  Noachian  deluge,  was  univerfal  in  its 
operation,  while  the  effects  of  many  more  were  partial  and 
local,  fuch  as  thofe  refulting  from  earthquakes,  volcano?, 
particular  inundations,  &c. 

In  a  general  furvey  of  the  globe  it  is  only  to  general  caufes 
whofe  operation  was  univerfal  that  our  attention  can  be  di- 
rected, the  effefts  of  partial  caufes  being  the  proper  objefts 
of  the  geological  hi  dory  of  thofe  countries  that  were  parti- 
cularly affe<Sled  by  them. 

But  to  didinguifli  caufes  of  the  former  clafs  from  thofe 
whofe  operation  was  more  confined,  it  is  neceflary  to  difcover 
fome  character  by  which  their  effects  may  unequivocally  be 
difcerned. 

Now,  a  general  wiformity,  or  agreement  in  fome  particular 
circum dance,  in  every  part  of  the  globe,  feems  to  be  a  fure 
ted  of  the  operation  of  fome  general  caufe.  The  difcovery 
of  uniform  appearances  is  therefore  of  primary  importance 

'■*  From  the  T'rtinfaiihns  of  the  Rojal  Irijb  Acadeniy  for  iSoo* 
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in  geological  refearchcs.  In  the  prefent  eflay  I  Hiali  confine 
myfelf  to  the  inveftigation  of  one  inftance  of  this  fort,  namely, 
the  inequiiUfji  of  decli'vity  which  the  fides  or  flanks  of  moun- 
tains exhibit,  in  every  part  of  the  globe  hitherto  examined, 
according  to  the  points  of  the  compafs  to  which- they  face, 
and  are  cxpofcd. 

That  one  part  of  almoft  every  high  mountain  or  hill  is 
fteeper  than  another,  could  not  have  efcaped  the  notice  of 
any  perfon  who  had  traverfed  fuch  moimtains;  but  that  Na- 
ture, in  the  formation  of  fuch  declivities,  had  any  regard  to 
diflercut  afpe6ts  or  points  of  the  compafs,  fccms  to  have  been 
firft  remarked  by  the  celebrated  Swedifli  geologift  ^h\  Tilas, 
in  the  2 2d  Vol.  of  the  JMcmoires  of  Stockholm  for  1760*. 
Neither  Varenius,  Lnlolph,  nor  Buffon  in  his  Natural  Hif- 
tory  publiflied  in  1748,  have  noticed  this  remarkable  cir- 
cum  ft  a  nee. 

The  obfervation  of  Tilas,  however,  relates  only  to  the  ex- 
treme ends,  and  not  to  the  flanks  of  mountains  :  with  refpe6t 
to  the  former,  he  remarked  tliat  the  Jhcpejl  declivity  always 
faces  that  part  of  the  country  where  the  land  lies  loweft,  and 
the  gcntltf  that  part  of  the  countr\'  where  the  land  lies 
higheft;  and  tliat,  in  the  fouthern  and  eaft;ern  parts  of  Swe- 
den, they  confequently  face  the  call  and  fouth-eafl,  and  in 
the  northern  the  weft.  The  cflential  part  of  this  obfervation 
extends  therefore  only  to  the  general  elevation  or  depreflion 
of  the  country,  and  not  to  the  bearings  of  thcfc  declivities. 

The  difcovcrv  that  the  different  declivitit-s  of  the  flanks 
of  mountains  bear  an  invariable  relation  to  their  difl'erent 
aTpedls,  feems  to  have  been  firft  publiflied  by  Mr.  Bergman 
in  his  Phyfical  Defcription  of  the  Karth,  of  which  the  fecond 
edition  appeared  in  1773.  He  there  remarked  that,  in 
mountains  that  extend  from  north  to  fouth,  the  weftern  flank 
is  ihiijlct-pejl  and  the  eaftern  the  gcntlejl:  and  that,  in  moun- 
tains which  run  eaft  and  weft,  the  fouthern  declivity  is  the 
ileepcft,  and  the  northern  the  gentleft.     Vol.  II.  §  187. 

This  affcrtion  he  grounds  on  the  ohforvations  related  in 
his  firft  Vol.  §  33,  namely.  That  iftly,  in  Scandinavia,  in  the 
Suevoberg  mountains  that  run  north  atid  fouth,  feparating 

•  See  alfoVol.XXV.  Swed.  Abhandl.  p-igi,  where  Cronftedt  cx- 
flains  fQint  obfcur^  parts  of  Tilus's  obftrvution. 
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Sweden  from  Norway,  the  weftern  or  Norwegian  fides  are 
the  fteepcft,  and  the  eaftern  or  Swedifh  the  mod  moderate-; 
the  verticahty  or  ftcepnefs  of  the  former  being  to  that  of  the 
latter  as  40  or  50  to  4  or  2  *. 

adly.  That  the  Alps  are  ftecpcr  on  their  weftern  and 
fouthern  fides  than  on  tlic  eaftern  and  northern. 

3dly,  That  in  America  the  Cordeheres  are  fteeper  on  the 
weftern  fide,  which  faces  the  Pacific  Ocean,  than  on  the 
eaftern :  but  he  does  not  notice  a  few  exceptions  to  this  rule 
in  particular  cafes,  which  will  hereafter  be  mentioned. 

Buffon,  in  the  firft  Volume  of  his  Epochs  of  Nature,  pub^ 
1  filed  in  1778,  p.  185,  is  the  next  who  notices  the  general 
prevalence  of  this  phenomenon,  a^"  far  as  relates  to  the  eaftern 
and  weftern  fides  of  the  mountains  that  extend  from  north  to 
fouth,  but  he  is  filent  with  rcfpect  to  the  north  and  fouth 
fides  of  the  mountains  that  run  from  eaft  to  weft ;  nay, 
he  does  not  feem  to  have  a  juft  comprelienfion  of  this  phe- 
nomenon, for  he  confiders  it  conjointly  with  the  general 
dip  of  the  regions  iii  which  thefc  mountains  cxift.  Thus  he 
tells  us.  Vol.  I.  p,  185,  that  in  all  continents  the  general  de- 
clivity, taking  it  from  the  fummit  of  mountains,  is  always 
more  rapid  on  the  weftern  than  on  the  eaftern  fide  ;  thus  the 
fummit  of  the  chain  of  the  Cordeheres  is  much  nearer  to 
the  weftern  ftiores  than  to  the  eaftern :  the  chain  which 
divides  the  whole  length  of  Africa,  from  the  Cape  of  Good 
Hope  to  the  Mountains  of  the  Moon,  is  nearer,  he  fays,  to 
the  weftern  than  to  the  eaftern  feas :  of  this,  however,  he 
muft  have  been  ignorant,  as  that  tracl  of  country  is  ftill  un- 
known. 

The  mountains  which  run  from  Cape  Comorin  through 
the  peninfula  of  India,  are,  he  fays,  much  nearer  to  the  fea 
on  the  eaft  than. on  the  weft  :  he  probably  meant  the  con- 
trary, as  the  fa6t  is  evidently  fo ;  and  fo  he  ftates  it  in  the 
fecond  Volume,  p.  295  :  the  fame,  he  tells  us,  may  be  ob- 
ferved  in  iflands  and  peninfulas,  and  in  mountains. 

This  remarkable  circumftance  of  mountains  was,  notwith- 
ftanding,  fo  little  noticed,  that  in  1792,  the  author  of  an  ex- 
cellent account  of  the  territory  of  Carllbad  in  Bohemia,  tells, 

*  The  vcrticality  of  the  fides  is  inverfcly  as  the  length  of  the  defcent. 
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us  he  had  made  an  obfervation,  which  he  had  never  fnet 
with  in  any  phyfical  defcription  of  the  earth,  namely,  that 
the  fouthern  dccHvity  of  all  mountahis  was  much  fteeper  than 
the  northern,  which  he  proves  by  inftancing  the  Erzgebirgc 
of  Saxony,  the  Pyrenees,  the  mountains  of  Switzerland, 
Savoy,  Carinthia,  Tyrole,  Moravia,  the  Carpathian,  and 
Mount  Haemus  in  Turkey,  a  Bergm.  Jour.  1792,  p.  385, 
in  the  note. 

Herman  in  his  Geolog\',  publifhed  in  1797,  p.  90,  has  at 
leaft  partially  mentioned  this  circumftance,  for  he  fays  that 
the  eaftern  declivities  of  all  mountains  are  much  gentler  and 
more  thickly  covered  with  fecondary  ftrata,  and  to  a  greater 
height,  than  the  weftern  flanks,  which  he  inrtances  in  the 
Swedilh  and  Norwegian  mountains,  the  Alps,  the  Cauca- 
iian,  the  Appcnnine  and  the  Ouralian  mountains;  but  the 
declivities,  bearing  a  fouthern  or  northern  afpeiSt,  he  does 
not  mention. 

La  Metherie,  in  the  fourth  Volume  of  his  Theory  of  the 
Earth,  of  which  the  fecond  edition  appeared  in  1797,  a 
work  which  abounds  in  excellent  obfervations),  p.  381  *, 
produces  numerous  inftances  of  the  inequality  of  the  eaftern 
and  weftern  declivities,  but  fcarce  any  of  the  northern  and 
fouthern,  whofe  difference  he  does  not  feem  to  have  noticed ; 
but  he  makes  a  remark,  which  I  have  not  feen  elfewhere, 
that  the  coafts  of  different  countries  prefent  fimilar  declivities. 

With  regard  to  eafteirn  and  weftern  afpe6ls,  he  thinks  that 
a  different  law  has  obtained  in  Africa  from  that  which  has 
been  obferved  in  other  countries ;  for  in  that  vaft  peninfula 
he  imagines  the  eaftern  declivities  of  mountains  are  the 
ftcepeft,  and  the  weftern  the  gentleft.  Of  this,  however,  he 
adduces  no  other  proof  but  that  the  grealeft  rivers  are  found 
on  the  weftern  fide  :  this  proof  feems  infufficient,  as,  if  moun- 
tains be  fituated  far  inland,  great  rivers  may  flow  indifcrimi- 
nately  from  any  fide  of  them,  and  fometimes  few  rivers  flow 
even  from  the  fide  whofe  defcent  is  moft  moderate,  for  in- 
ftance,  from  the  eaftern  fide  of  the  mountains  of  Syria :  tUe 
Elbe  and  the  Oder,  two  of  the  greateft  rivers  in  Germansy, 
take   their  courfe  from  the  weftern   fides,  the  firft  of  the 

•  Ir  is  to  be  regretted  that  he  fcarce  ever  tiuotcs  his  authorities. 
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Bohemian  and  the  other  of  the  Moravian  mountains,  wKich  yet 
.  arc  the  Ileepcft ;  many  originate  from  lakes,  as  the  Shannoii 
"(v'ith  us  ;  many  take  fuch  a  winding  courfe,  that,  from  a  bard 
knowledge  of  the  place  of  their  diicmbogliement,  it  is  im- 
poflible  to  judge  from  what  fide  nf  a  mbuiitain  they  iflfue,  if 
Trom  any ;  their  courfe  at  niofl;  uifcovers  thedepreffion  of  thfe 
general  level  of  the  country. 

In  179H,  the  celebrated  traveller  arid  circumriavigatdr) 
John  Reinhold  Foller,  publifhed  a  geological  iraft,  which 
merits  fo  much  more  attention  as  all  the  faols  were  cither 
bbfervcR  by  himrdf,  or  related  to  him  by  the  immediate  bb- 
fervers.  In  this  he  ftates,  as  a  fa5t  univerfally  obfefved,  ihSl 
the  fouth  and  fouth-eafl;  fides  of  almott  everv  mouhtrfiii  are; 
■ftcep,  but  that  the  north  and  lioVth-weft  fides  are  gently  c6- 
vered,  and  conne'fteci,  with  fe^ondary  (Ihita  in  which  or'Varilc 
remains  abound,  which  he  illuftrdtes  by  various  iriftaucesj 
fome  of  which  have  been  alrcaJ'.',  and  others  will  pft?feht1|^ 
be,  mentioned. 

At  prelent  this  facl  attracts  the  greatefl:  aftenti'oh,  being 
oDvioufly  connected  with  the  original  ftrufture  of  the  globe, 
and  clearly  proving  that  moiuitains  are  not  mere  fortuitous 
eruptions,  unconnefted  with  tranfaclions  on  the  furface  of 
the  earth,  as  has  of  late  been  confidently  advanced. 

I  (liall  now  (late  the  priucipal  obfervations  relative  to  this 
object  that  have  been  made  in  different  parts  of  the  world. 

In  Europe. 

1°  The  mountains  that  feparate  Sweden  from  Norway  Ex- 
tend from  north  to  fouth  ;  their  weftern  fid^'s  are  fteep,  and 
the  eaftepn  gentle,     i  Bergm.  Erde  Befchrcib.  p.  137. 

2'^  The  Carpathian  mountains  run  from  eaft  t"'  weft;  their 
fouthern  fides,  towards  Hungary,  are  fteep;  their  northern^ 
towards  Poland,  moderate,    Fofter,  §  46. 

3°  DoSor  Walker,  profelfor  of  natural  hiftory  at  I^din- 
buro;h,  obTerved  that  the  coafts  and  hills  of  Scotland  are 
fteeper  and  higher  on  the  wederh  fide  than  on  the  eafiern. 
Jamifon's  Mineralogy  of  Shetland,  p.  3.- — However,  Jamifdm 
obferved  that  the  fouth  fide  of  the  ille  of  Arf^i  is  the  lo^/eitj 
and  the  north  fide  the  hiiihefl :  p.  5i» 

YOL;  Vill.  ^  F  4^  T\H 
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4  Tlie  mountains  of  Wales  are  ijentle  on  the  eaftern  af3:^ 
ftccp  on  the  weftern  fides. 

5^  The  mountains  of  Parlhcrv,  in  the  county  of  Mayo, 
arc  ftccp  on  the  weftern  fide. 

6-'  The  mountains  wliich  feparate  Saxony  from  Bohemia 
defcend  gently  on  the  Saxon  or  nonhem  fide,  but  are  fi:ccp 
on  the"  Boliemian  or  foulliern  fide.  Charpent.  p.  75. — The 
fouthcrn  declivity  is  to  the  norliieru  as  fix  to  two.  ad  Bergm". 
Journ.  1792,  p.  3S4  and  385. 

7°  Tlie  mountains  which  feparate  Sllcfia  from  Bobemia 
run  nearly  from  caft  to  welt,  yet  are  fteepcr  on  the  northern 
or  Silefian  fide  than  011  the  oppofite  Bohemian.  Afi"emanni 
Silefia,  p.  335.  Such  branches  as  run  from  north-eaft  to 
fouth-weft  have  their  wclteru  covered  with  primordial  ftrata, 
and  confe^uently  Icfs  fieep.    4  New  Roz.  p.  157. 

8°  The  Meifi^ener  in  HelTia  is  deeper  on  the  north  and 
eaft  fides,  which  face  the  Warra,  than  on  the  fouth  and 
wcfi:ern.    i  Bergm.  Journ.  1789,  p.  272. 

9^  The  mountains  of  the  Hartz  and  Habichtswald  are 
fieep  on  the  fouth  and  gentle  on  the  northern  fides,    Foftery 

§46. 

10'  The  Pyrenees,  which  run  from  eaft  to  weft,  are  fteepef 
on  the  fouthcrn  or  Spanifli  fide.    CarbonieresXIlI. 

11°  'i'he  mountains  of  Grim  Tartary  are  gentle  on  the 
Northern  and  licsp  oi>  the  fouthcrn  fides*    Fofter,  ibid^ 

h?  Ajia, 

J2^  The  Ourds,  which  (Iretch  from  north  to  fouth,  are 
far  llceper  on  the  weftern  than  on  the  fouthcrn  fides.  Her- 
man Geologi.v,  p.  90;  and  lA  Ural  Bcfchreib.  p.  389. 

13^  The  mountain  of  Armenie,  to  thevvefl;  of  the  Ourals, 
is  fteep  on  it«  eatl  and  north  fides,  but  gentle  on  the  fouthcrn 
and  weftern.    i  Palla-s  Voy.  p.  377^ 

14^  The  Altaifchan  mountains  are  fteep  on  their  fouthcrn 
and  weftern  lides,  bi:t  gentle  on  the  northern  and  eaftern. 
Fofter,  ibid,  and  Hernisn  2d  Ural  Bcfchreib.  p.  390  in  the 
note. 

15^  So  alfo  arc  the  mountains  of  Caucafus.  3d  Schrift. 
Uevl.  Gcfc!reh.47i. 

16°  Th« 
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:6®  The  mountains  of  Kaniilialka  are  ftecp  on  the  eaftcrii 
fides.     Pallas,  i  Art.  Potronol.  17^7,  p-  43- 

17^  The  Ghauts  iu  tiie  Indian  pcninlula  arc  deep  on  the 
wertern  Iklcs. 

18'  The  mountains  of  Svria,  which  run  from  north  to 
fouth,  (Iciriing  the  Mediterranean,  are  faid  to  be  fteeper  on 
the  weftern  fide  facing;  the  Mediterranean.  4  La  Metherie, 
p.  380. 

In  Ami'r'tca, 

The  Cordeliercs  rim  from  north  to  fouth ;  their  weftern 
ilanks  towards  the  Pacific  are  fteep,  their  eaftern  defcenJ 
gradually. 

In  Guiana  there  is  a  chain  of  mountains  that  run  from 
call  to  weft ;  iheir  fouihcrn  flanks  are  ftecp,  their  northern 
gentle.     Voyages  de  Condaminp,  p.  140. 

To  affign  the  caufes  of  this  almoft  univcrfal  allotment  of 
unequal  declivities  to  oppofitc  points,  and  why  the  greateft 
are  direfted  to  the  weft  and  fouth,  and  the  gentleft,  on  the 
contrarv,  to  the  eaft  and  north,  it  is  necciTary  to  confider, 

l'^  That  all  mountains  were  formed  while  covered  with 
welter. 

2°  That  the  earth  was  univerfally  covered  with  water  at 
two  diiTerent  src-j  ih4t  of  the  Creation,  and  that  of  the 
Noachian  deluge, 

3**  That  in  th.e  firft  cera  we  muft  diftinguini  two  different 
periods,  that  which  preceded  the  appearance  of  d.y  land^, 
and  that  which  fucceeded  the  crer.tion  of  fiih,  but  before  the 
fea  had  Ijeen  reduced  nearlv  to  its  prelenl  level :  during  the 
former,  the  primeval  mountains  were  farmed,  and  during 
the  laft,  moll  of  the  fecondary  mountains  and  ftrata  were 
formed. 

4°  That  all  mountains  c.xtenJ  cither  from  eau  to  weft,  of 
from  north  to  fouih,  or  in  fonie  intermediate  direclion  be- 
tween thefe  cardinal  points,  which  need  not  be  particularly 
mentioned  here,  a^  the  fame  fnecies  ot  reai'^ning  mud  be 
applied  to  them,  sg  to  thole  U)  whufe  arpe£l  they  approach 
mod. 

Thefe  preliminary  circumftanccs  being  noticed,  we  are 
ue.\r  to  obfcrve  that,  during  the  firft  ara,  this  vaft  mafs  of 

F  3  water 
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Yi^ater  moved  in  two  general  dircdlions,  at  right  angles,  with 
each  other  J  the  one  f:oni  call  to  wcO-,  which  needs  not  tCL 
be  proved,  being  the  courfc;  of  tides  which  ftill  continue, 
but  Wv-re  in  that  ocean  necefl'ariiy  (Ironger  and  higher  than 
at  prefent  J  the  other  from  north  to  foulh ;  the  water  lending 
to  thofe  vaft  abyiTcs  then  formed  in  the  vicinity  of  the  Soutjb^ 
Pole,  as  (hown  in  my  former  clTays.  Before  either  motioii 
could  be  propagated,  a  confiderable  time  muft  have  elapfed. 

!ISrow  the  primaeval  mountains  formed  at  the  commence-r 
ment  of  the  tirft  aera,  and  before  this  double  dire6lioj  of  the 
waters  took  place,  muft  have  oppofed  a  confiderable  obftacle 
to  the  motion  of  that  fluid  in  the  fcnfe  that  crofled  that  of 
the  direction  of  thefe  mountains.  Thus,  the  mountains  that 
ftretch  from  north  to  fouth  muft  have  oppoled  the  motion  of 
the  waters  from  eaft;  to  weft  ;  this  oppofition,  diminifliing  the 
motion  of  that  fluid,  difpofed  it  to  fufler  the  earthy  particles, 
■^vith  which  in  thofe  early  periods  it  muft  have  been  impreg- 
nated, to  cryllallife  or  be  depofited  on  thefe  eaftern  flanks, 
^nd  particularly  on  thofe  of  the  higheft  mountains,  fof  over 
the  lower  it  could  eafily  pafs :  thefe  depofitions,  being  incefr 
fantly  repeated  at  heights  gradually  diminifliing  as  the  level 
of  the  waters  gradually  lowered,  muft  have  rendered  the 
eaftern  declivities,  or  defcent,  gentle,  gradual,  and  moderate  j 
while  the  weftern  fides,  receiving  no  fuch  acceflions  from 
depofitions,  muft  have  remained  fteep  and  craggy. 

Again,  the  prim.xval  mountains  that  run  from  eaft  to  weft, 
by  oppofing  a  fimilar  refiftance  to  the  courfe  of  the  waters 
from  north  to  fouth,  muft  have  occafioned  fimilar  depofitions 
on  the  northern  fides  of  thefe  mountains,  againft  which  ihefe 
waters  impinged,  and  thus  fmoothed  them. 

Where  mountains  interfeft  each  other  in  an  oblique  di- 
yeftion,  the  north -eaft  fide  of  one  range  being  contiguous  to 
the  fouih-weft  flanks  of  another  range,  there  the  afflux  of 
adventitious  particles  on  the  north-eaft  fide  of  the  one  muft 
have  frequently  exrended  to  the  fouth-weft  fide  of  the  other, 
particularly  if  that  afHux  were  ftrong  and  copious  :  thus  the 
^rx^^/'ii'^^  of  Saxony,  which  run  from  weft  to  eaft,  have, 
^heir  norih-eaft  fideS  contiguous  to  the  fouth-weft  fide  of  the 
^hjerc^bkge  that  fi  pa  rate  Silcfia  from  Bphemia ;  and  hencg 
'I  thefe 
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thefc  latter  arc  covered  with  the  fame  beds  of  gncifs,  Sec.  as 
the  northern  fides  of  the  Saxon,  and  thereby  are  rendered 
fmooth  and  gende  comparatively  to  the  oppofite  fide,  which,, 
being  (heUcred,  remains  iteep  and  abrupt;  which  explains 
the  feventh  obfervation. 

The  caufes  here  affigncd  explain  whv  the  covering  of  ad- 
ventitious ftrata  on  the  highcil  mountains  is  generally  thin- 
ned at  the  greateft  height,  and  thickeft^  towards  the  foot,  of 
the  mountain;  for  the  bulk  of  the  water  that  contained  the 
adventitious  particles  being  proportioned  to  its  depth,  and 
the  mafs  of  earthy  particles  wi'h  which  it  was  charged  being 
proportioned  to  the  bulk  of  "water  that  contained  them,  it  is 
plaii^,  that  as  the  height  of  water  gradually  decreafed,  the 
depofitions  from  it  on  the  higher  parts  of  the  mountains 
niufi:  have  been  lefs  copious  than  on  the  lower,  where  they, 
muft  have  been  oftener  repeated. 

Hence,  z^,  granitic  mountains,  generally  the  mod  antient, 
frequently  have  their  northern  or  eaftern  fides  covered  with 
ftrata  of  gneifs  or  micaceous  fchiftus,  and  this  often  with 
argillite,  or  prim:^val  fandilonc  or  limeltone,  thefe  being 
either  of  fomewhat  later  formation,  or  longer  fufpendible  in 
water. 

Hence,  3"^,  different  fpecies  of  ftone  are  often  found  at  dif- 
ferent heights  of  the  fame  flank  of  a  mountain,  according  as 
the  water  which  conveyed  thefe  fpecies  happened  to  be  dif- 
ferently impregnated  at  different  heights  :  during  the  firil  a-ra 
its  depofitions  formed  the  primitive  ftony  maflcs;  but  after 
the  creation  of  fifh,  limeftone,  fandltone,  farcilites,  and  fe- 
condary  argillites,  in  which  pilVine  remains  are  found,  were 
depofited.  But,  daring  the  fecond  ,?era,  'uiz.  that  of  the  Noa- 
chian  deluge,  by  reafon  of  the  violence  and  irregularity  of  its 
aggreflion,  the  depofiiions  were  more  mifcelhtieous,  and  are 
found  at  the  greateii  heights;  vet,  in  general,  they  may  well 
be  diftino-uiflied  by  the  remains  of  land  animals  or  of  vcjie- 
tables,  or  of  both,  which  they  prefent  in  their  ttrata  (or  at 
leaft  by  the  impreffions  of  vegetables  which  tliey  bear),  as 
thefe  mufl:  have  been  conveyed  after  the  earth  had  been  in^ 
habited.  But  mountains  regulafly  ftratified  bearing  fuch  re- 
mains. 


3^  On  the  DecUi'itics  of  Mouniahis. 

mains,  for  inftance  the  carboniferous,  cannot  be  deemed  t» 
have  been  forqied  in  a  period  fo  tumidtuous.  During  this 
deluge  the  waters  alfo  held  a  different  CQurfe,  proceeding  at 
firft  from  fouth  to  north,  and  afterwards  in  both  oppofiie  di- 
rections in  our  wellern  hemifpherc,  as  iliown  in  treating  of 
that  catafirophe  in  my  lecond  clTay. 

Hence,  and  from  various  contingent  local  caufes_,  as  par- 
tial inundations,  earthquakes,  voieanoes,  the  erofion  of  rivers, 
the  elapfion  of  ftrata,  difnitcgratiouj  the  ciifruption  of  the 
lofty  niomids  by  which  many  lakes  were  aatiently  hemmed 
in,  feveral  changes  were  produced  in  particular  countries  that 
may  at  firft  fight  appear,  though  in  reality  they  are  not,  ex- 
ceptions to  the  operation  of  the  general  caufes  already  ftated. 

Thus  the  mountains  of  Kamfkatka  had  their  caPccrn  flanks 
torn  and  rendered  abrupt  by  the  irruption  of  the  general  de- 
luge, probably  accompanied  by  earthquakes.  And  thus  the 
Meiflencr  had  its  caft  and  north  flanks  undermined  by  the 
river  Warra,  as  Werner  has  Ihown  :  thus  the  eighth  and 
fixteenth  obfervatlons  are  accounted  for,  as  is  the  thirteenth, 
by  the  vaft  inundations  fo  frequent  in  this  country,  J  Pallas, 
p.  172,  which  undermined  or  corroded  its  eaft  fide,  while 
the  weflern  were  frnoothed<  by  the  calcareous  depofitions 
from  the  numerous  rivers  in  its  vicinity. 

Hence,  4',  we  fee  why  on  different  fides  of  lofty  mountains 
different  fpecies  of  (lones  are  found,  as  Pallas  and  Sauffure 
have  obferved,  2  Sauff.  §  981  ;  a  circumffance  which  Sauf-r 
fure  imagined  almoft  inexplicable,  but  which  Dolomieu  has 
fince  happily  explained,  by  fliowing  that  the  current  which 
conveyed  the  calcareous  fubftances  to  the  northern,  eafiern, 
and  north-cafiern  fides  of  the  Alps,  for  inftance,  was  (lopped 
by  the  height  of  thefe  mountains,  and  thus  prevented  from 
conveying  ihem  to  the  i"i)uthern  fides ;  and  tluis  the  north- 
caftera  fides  were  rendered  more  gentle  than  the  oppofitc. 
3  New  Roz.  p.  425,  conformably  to  the  theory  here  given. 

Hence,  5%  where  feveral  lofty  ridges  run  parallel  to  Ciich 
other  it  muft  fre<{ucntly  hap})cn  that  tiie  external  fliould  in- 
tercept the  depofitions  that  do  not  ftirmount  them,  and  thu^ 
kave  the  internal  ridges  fteep  on  both  fides, 
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Mcnce,  6°,  low  granitic  or  other  primitive  hills  are  fre- 
t]uently  uncovered  by  advcntiiious  ftrata  on  all  fides,  as  at 
Phanct  in  the  county  of  Donegal,  or  are  covered  on  all  fides; 
the  impregnated  waters  either  eafily  paffinp;  over  them,  or 
fiiagnating  upon  them,  according  to  the  greater  or  leffer  ra- 
pidity of  its  courfe,  and  the  obltaclcs  it  met  with. 

The  two-fold  motion  of  the  antient  ocean  is  noticed  both 
by  Buffbn  and  Bergman,  but  neither  of  them  has  deduced 
from  it  the  true  explanation  of  the  phjenomena  of  which  we 
here  treat*  Baflon  attributes  the  formation  of  fecondafy 
mountains  to  depcfition  or  fediments  from  the  fea  after  the 
exiftence  of  filli,  i  Epoques,  p.  143,  in  8vo,,  which,  he  fays, 
inverted  the  bafes of  mountains,  without  noticing  anydiftinc- 
tion  of  fides,  p.  izj4  and  370.  He  thinks  thefe  fediments" 
wete  equally  conveyed  from  both  poles  towards  the  equator; 
for  it  is  in  the  equatorial  regioiis  that,  he  thinks,  thofe  mighty 
caverns  opened,  towards  \Vhich  the  primitive  ocean  was  im- 
petuoufly  borne,  and  in  which  it  was  irigulphed ;  p.  181, 
18a,  and  183.  If  fo,  fimilar  declivities  {ho'uld  be  formed  on 
the  foatherrJ  is  (it\  the  northern  fides  of  mountains  ;  which  is 
contrary  to  the  o'bferved  fafts.  His  explanation  of  the  eaftern 
and  weftern  declivities  is  defective  and  erfofteotis ;  for  he  at- 
tributes the  abruptnefs  of  the  weftern  fides  to  the  erofion  of 
the  coads  on  that  fide  (an  erofion  that  cxifts  onlv  in  fancy), 
and  the  fmoothnefs  of  the  eaftern,  to  the  gradual  (feferlioii 
and  retreat  of  the  fea  on  that  fide,  p.  184  and  18^;  a  retreat 
Equally  ficliuoas,  as  De  Luc  has  well  ftown.  Whereas, 
fince  the  general  motion  of  the  fea  is  from  eaft  to  weft,  if 
the  erofion  were  of  cither  fide,  it  fhould  rather  be  on  the 
eaftern  than  on  the  weftern  ;'  befiJcs,  if  the  gentle  declivities 
of  the  eaftern  fides  of  mountains  arofe  from  the  gradual  re- 
treat of  the  fea,  the  petrifaftions  of  the  fecondary  mountains 
thus  formed  fhould  confift  of  fuch  fliell-filh  as  inhabit  ftial- 
low  feas  or  flicres,  whereas  they  confift  chiefly  of  thofe  called 
feldgicr,  which  inhabit  the  greateft  depths*. 

With  refpeft  to  the  eaftern  and  weftern  declivities,  Mr. 
Bergman's  account  of  the  origin  of  their  inequality  aerecs 
exactly  whh  mme,    i  Bcrgm.  Erdeklotet,  §  183  and  187  j 
•'^  1  Dergm.  Erdckugtl,  p.  315. 
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but  he  fails  in  accounting  for  the  inequality  of  the  northern 
and  fouthern,  for  he  fuppofes  the  courfe  of  the  waters  th 
tend  equally  from  both  poles  towards  the  equator ;  which 
would  render  the  depofitious  equal  on  both  fides;  which?* 
contrary  to  obfervatioii. 


Vl.  On  the  IJentify  of  the  Pj'romucons,  Fj-rofartareous,  and- 
Pytblignecus  Jlcids  ;  and  the  "Necejfity  oj  not  confiderlng 
them  any  longer  as  diJi'mSl  Acids.  By  C.  FoURCROV 
and  Vauquelin  *. 
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I.  On  the  MuUipUclty  of  the  Vegetable  Acids. 


HEN  Bergman  and  Schcele  had  difcovered  feveral 
vegetable  and  animal  acids  before  unknown,  and  had  de- 
ftroyed  the  pretended  identity  admitted  in  regard  to  thofe 
bodies,  all  the  cheniifts  employed  themfelves  with  great  zeal 
in  fiibjefcing  various  vegetable  acid  fubltances  to  a  new  exa- 
mination, The  number  of  compounds,  which  till  then  had 
been  reduced  to  two  kmds,  increaTed  fo  much,  that  it  was 
fuppoR'J  it  would  far  exceed  that  of  the  acids  which  had  been 
difcovered  among  the  foffils,  and  that  it  would  be  impoflible 
to  fet  bounds  to  the  multiplicity  of  thefe  natural  productions 
of  organifpd  bodies. 

The  Tour  i  quors,  extracted  by  diftillation  from  mucoas 
bodies,  W'Ood,  <('id  turtar,  though  owing  to  an  artificial  de- 
compofition,  ha^'?  been  compvohended  in  the  clals  of  the 
Vegetal:;le  acids,  \v  Jl  chara6terifed  as  pofiefling  a  peculiar 
nature:  fomc  ar.alogieo  founded  on  their  origin,  their  brown 
colour,  and  ti.eir  bunit  odour,  have  caufed  ther.i  to  be  re- 
ferred to  a  fpcc'ial  genus,  under  the  name  of  the  empyreu- 
matic  acids,  if  ^^  e  collect  tlic  fadits  which  fcem  to  prove 
that  ihev  are  different  in  nature  not  only  from  the  oihcr 
acids,  but  from  each  other,  they  will  eafih  fhow  that  thefe 
acids  have  not  been  fuiiicicntly  examined  to  be  well  known; 
that  clicmids  had  only  v^vy  imperfeft  ideas  refpec-ting  their 
nature  j  and  that  it  was  for  want  of  accurate  analyfis  that 
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they  were  thought  to  be  different  from  each  other,  and  dif- 
ferent in  their  whole  nature  from  any  other  vcy'etable  acid. 

II.   Chambers  given  to  the  Pyromucous  Acid. 

Lemer}',  Bocrhaave,  Neumann,  Cartheufer,  Macquer,  and 
Bacquet,  were  the  firft  who  infilled  on  the  fpccific  characlers 
of  that  acid  which  has  been  called  the  pyromucous  in  the 
Methodical  Nomenclature,  and  which  had  long  been  diflin- 
guifhed  by  the  name  of  fpirit  of  honey,  of  fugar,  o{  manna, 
oi gum,  &c.  M.  Schrikel,  in  giving  a  detailed  hiftory  of  the 
analyfis  of  fugar  and  of  this  acid  in  1776,  greatly  enlarged 
and  confirmed  the  ideas  before  conceived  refped-ing  the  pe- 
culiar nature  of  the  pvromucous  acid,  and  all  chemifts  have 
fince  adopted  that  opinion.  It  was  charafterifed  by  its  dark 
red  colour  when  impure,  and  its  golden  yellow  colour  after 
being  retlified ;  by  its  odour  of  caramel,  its  verv  pungent 
tafte,  its  volatilitv,  nearly  fimilar  to  that  of  water;  by  its 
a<ftion  on  the  (kin,  which  it  tinges  red,  and  on  the  glafs  of 
retorts,  which  it  feems  to  attack.  It  w^as  believed  to  be  en- 
tirely contained  in  mucous  matters,  and  to  be  only  developed 
by  fire;  it  was  faid  to  be  fufceptible  of  decompofition  by 
heat,  and  of  being  converted  into  gafeous  bodies.  But,  be- 
fides  that  its  fuppofed  aftion  on  glafs  depended  only  on  the 
adherence  and  penetration  of  the  charcoal  of  the/ugar  ;  be- 
sides the  proof,  already  well  eftabliHied,  of  its  non-exiftence 
in  faccharine  and  gummy  matters,  and  of  its  entire  produc- 
tion by  fire,  it  muft  be  allowed  that,  in  examining  what  has 
been  done  in  regard  to  faline  compounds  and  the  attractions 
of  the  pyromucous  acid,  no  refult  had  been  obtained  but 
va^ue  and  undetermined  notions,  which  feemed  to  excite 
doubt  and  uncertainty  in  regard  to  the  paiticular  nature  of 
this  acid.  The  reader  will  be  enabled  to  judge  of  the  truth 
of  this  afl'erlion  by  perufing,  in  particular,  the  details  given 
under  the  article  Sjrupy  Acid  of  the  Didionnaire  de  Chimie 
Ejicychpfdique,  where  our  learned  colleague  Guy  ton  has  col- 
leiSled  every  thing  then  known  refpecling  this  empyreumatic 
acid  :  when  drawing  up,  therefore,  the  article  in  my  Syftem 
of  Chemical  Knowledge,  written  and  printed  feveral  months 
before  the  difcoverv  now  fubmitted  to  the   Infiitute,  I  was 
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t\oX.  able  to  obtain  the  real  ditunc!uifcino-  characlers  of  xht 
pyronuicous  acid. 

III.    Characlers  afcrihcd  to  the  Vyrotartarcous  Ac'ui. 

We  arc  indebted  to  Lemcrv  and  Neumann  for  our  firft 
knowledge  of  this  acid,  furnifhed  bv  diltiUcd  tartar,  and  dif'=> 
fcrcnt  tVoin  the  tartareous  aeid.  They  found  that  tartar,  by 
diflrHalion,  gave  the  fourth  of  its  weight  of  aeid  phlegm. 
Aeccrrding  to  the  prefeription  of  Neumann,  it  was  to  be  rec- 
tjlred  at  a  gentle  heat;  but  C.  Giiyton  was  not  able  to  per- 
form that  operation  with  fuecei's,  and  the  retort  was  alwayS' 
broken  bv  the  explorfion  which  took  place.  The  enipvreu- 
matic  odour  and  tait&  of  this  acid  are  the  twa  molt  ftriking 
characters  which  made  it  be  admitted  by  chemifts  as  a  pe- 
Culiai"  aeid.  It  is  difficult  to  conceive  whv  Venel  fliould  take 
this  acid  protlucl  of  diftilkd  tartar  to  be  nkrie  acid,  which 
he  thought  might  be  extraAed  alone,  and  in  a  ftate  of  pu- 
rity. It  is  no  ids  aflonifliing  to  hear  C.  Monnet  maintain, 
in  confequence  of  experiments  made  at  fame  length,  that 
diftilled  acid  of  tartar  is  muriatic  acid,  though  he  really  found 
in  it,  according  to  bis  own  acknowledgement,  onlv  approxi- 
mative characters.  The  academiciaiis  of  Dijon  and  C.  Ber- 
thoUet,  after  repealing  all  the  experiments  of  Monnet,  were 
convinced  that  there  is  no  real  analogy  between  the  acid 
product  of  diftilled  tartar  and  the  muriatic  acid.  Scheele,  in 
proving  that  there  is  always  a  little  real  muriatic  acid  in  the 
»lkali  of  tartar,  infiited  on  the  differences  between,  this  aeid 
and  that  of  tartar.  M.  Fontana  proved  that  the  acid  diftilled 
from  tiirtar  can  be  entirelv  refo-lved  into  carbonic  acid  ga» 
^)■nd  carbonated  hvdroiien  gas;  fo  that,  by  bringing  it  nearer 
to  ail  the  other  vegetable  acids,  he  removed  further  every  idea 
of  confoiinding  it  with  the  mineral  acids,  tn  the  laft  place, 
Guvton,  in  the  firfl:  part  of  the  firft  vulume  ot  the  Di6t'ion- 
naire  lie  Chim'ie  Kncydophi'ique,  publiflicd  in  1786,  after  de- 
tailing all  the  different  opinions  as  well  as  the*  principal  fa<il* 
known  refpectiniz;  this  acid,  concluded  that  it  would  be  ne- 
eeirary  to  confider  it  as  a  peculiar  acid;  a  product  of  tartar 
altered  bv  heat,  diftinguiftied  from  the  latter  bv  its  being 
incapable  of  cryftallifation,  and  by  the  folublc  fall  which  it 
ii        .  Ibrni-- 
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^rnis  with  lime ;  and  he  called  it  the  tartareous  empyreu- 
Miatic  acid.  Theie  ideas,  adopted  in  17H7  bv  the  aiuhors  of 
the  Methodical  Nomenclature,  induced  them  to  diltinauilh 
this  acid  bv  the  name  oF  the  pvrotartareous  acid.  Since  thai 
period,  chemKts  have  continued  to  confider  this  acid  as  a  dil-r 
tint-1.  fpccies,  and  no  one  has  I'ubjecled  it  to  a  new  cxamina^ 
tion. 

IV .   Cbcirarurs  .srivcn  to  the  Pyrol/nrneous  Acid. 

Boerhaave  firft  made  known,  under  the  name  o^  add  fp'rrlt 
of  luood,  the  produC:t  diftilled  from  woodv  bodies;  and  he 
even  compared  it  to  a  kind  of  vinegar.  M,  Cioetling  has 
given  a  particular  hiitory  of  it  in  Crell's  Chemical  Jotjrnal 
for  the  year  1779.  Gayton  made  it  known  afterwards,  under 
the  name  of  the  ligneous  acid,  in  the  firtl  part  of  the  D'lc- 
tiomiah-£  Ef^cyc/optdiquc,  pubiiOicd  in  J7S6.  He  .colkcteci 
all  the  information  then  acquired  rei'peAing  this  acid,  ac- 
cording to  the  experiments  made  bv  the  Acad-^^mv  of  Dijon. 
Every  kind  of  wood  examined  has  hitherio  furniilicd  by  dif- 
tillation  the  fame  acid ;  the  difference  in  rcc^ard  to  colour, 
favour,  acrid  odour,  and  particularlv  that  of  faline  com- 
pounds, formed  bv  the  liquid  di killed  from  wood,  have  mad«£ 
it  tobedillinguifhed  from  everv  oiher  acid:  in  the  Methodical 
Nomenclature  it  has  been  called  the  pvrolioneous  Acid,  and 
in  my  Syllem  of  Chemiltry  I  clafl'ed  it  with  the  pvromucous 
and  pyrotartarpous  acids,  as  forming  with  them  a  kind  of 
acids  compofed  of  ipecies  analogous  to  each  other  in  the 
ratio  of  their  identic  origin,  and  of  fome  comparative  pro- 
perties manifcl'tlv  depending  on  their  empvreuniatic  ftatc. 
The  characters  adopted  to  diltinguifh  the  pvro-ligneous  acid 
were,  its  fmoky  fmell,  its  reddilli  colour,  its  property  of 
giving  a  lading  liain  to  wood,  the  faltg  which  it  formed  with 
alkaline  baies,  and  tlie  elective  attractions  which  it  obeved. 
In  giving  a  fyftenutic  explanation  of  the  prG[)eriies  of  this 
acid,  as  well  as  in  regard  to  thofe  of  the  pvromucous  and 
pvrotartareous  acid,  the  want  of  more  accurate  knowledue 
ivas  always  felt ;  characters  lufHciently  ftriking  and  well  de- 
nned, proper  to  diftinguidi  thefe  three  acids  from  each  other, 
could  not  be  found  ;  and  even  after  they  had  been  clalfed 
togciher  into  a  diftinct  genus,  on  account  of  their  empvrcu-r 
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matic  nature,  which  gave  them  a  flrikingrefcmblance,  when 
chemifts  wifhcd  to  explain  what  were  the  pecuUarities  of 
each  fpecies,  they  were  obhged  to  acknowledge  that  the  exa- 
mination of  thefe  produ6lions  of  fire  had  not  been  carried  to 
a  fufficient  length,  and  that  their  properties  had  not  been  fo 
thoroughly  ftudied  as  to  enable  them  to  affign  chara6ler9 
fufficiently  ftriking,  and  to  give  a  correal  hiftury  of  them. 

V.  Firji  View  of  the  Acetous  Nature  of  the  Empjreumatic 
Acids. 

Such  was  the  uncertain  ftate  of  the  fcience  in  regard  to  the 
three  acids  extrafted  from  vegetable  matters  by  fire,  when  a 
circumftanpe,  prefented,  as  it  were,  accidentally,  gave  us  an 
opportunity  of  difcovering  a  new  fact  rcfpefting  their  nature. 
In  the  courfe  of  thofe  refearches  in  which  C.  Vauquelin  and 
mvfelf  have  been  fo  long  engaged  refpecSling  the  chemical 
analyfis  of  vegetable  fubftances,  and  of  the  experiments 
which  we  made  on  the  folid  or  ligneous  parts  of  plants,  we 
were  employed  fome  months  in  the  examination  of  cork. 
This  epidermal  covering  of  a  fpecies  of  oak  had  appeared  to 
nic,  for  feveral  years,  to  be  of  a  nature  fo  very  diftinft  from 
other  vegetable  tiflues  as  to  deferve  a  particular  refearch  : 
feveral  experiments  on  the  epidermis  of  other  trees  had  in- 
clined me  to  think  that  in  their  chara£lers  they  approached 
near  to  cork,  and  I  thought  it  my  duty  to  prefent  it  as  one 
of  the  immediate  materials  of  plants  under  the  name  of 
fiber .  Being  defirous  of  carrying  my  firft  efTays  (till  further, 
and  of  giving  more  extent  to  thefe  firft  ideas,  ue  began  to 
employ  ourfeives  this  fummer  on  a  more  exaA  analyfis  of 
cork.  Having  fubjefted  a  pretty  large  quantity  of  it,  0'6ilb. 
(three  heilogrammes),  to  diflillation  with  a  naked  fire,  we 
obtained  from  it  a  fourth  of  its  weight  of  a  very  light  and  vo- 
latile oil,  and  almoft  the  fame  quantity  of  a  rcddifh  empyreu- 
maiic  liquid,  which  exhibited  all  the  apparent  characters  of 
the  pyroligneous  acid.  But  this  acid  liquor,  when  examined 
with  more  care,  re6tified  and  combined  with  alkalies,  and 
difenq-aged  from  its  bafes  by  weak  fulphuric  acid,  foon  exhi- 
bited properties  of  real  acetous  acid,  and,  after  having  fepa- 
rated  it  by  flow  diftiilation  from  the  portion  of  coloured  oil 
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which  It  held  in  folution,  it  evidently  appeared  tot'be  that 
acid.  > 

VV^hen  this  faft  was  once  afcertained,  it  was  not  difficult 
for  us  to  prefume  that  the  pyroligneous  acid,  from  whatever 
wood  extrafted,  could  only  be  acetous  acid :  we  had  even 
reafon  to  fufpeft  that  the  two  other  cmpyreumatic  acids 
were  of  the  fame  nature ;  but  as  a  conj(;<Slure,  however  well 
founded,  has  no  real  value  in  phyfics,  we  called  in  the  aid 
of  experiment  to  enable  us  to  difcover  the  truth,  or  to  reject 
our  opinion  as  an  error. 

VI.   New  Examinallofi  of  the  Pyronmcous ,   Pjrotariareous, 
and  Pyroligneous  Acids. 

I.  Having  diftilled,  with  great  caution,  fixteen  parts  of 
pure  fugar^  which  furniftied  us  with  ten  parts  and  a  half  of 
water  charged  with  reddifli  pyromucous  acid,  a  little  more 
than  four  parts  and  a  half  of  light  charcoal,  and  half  a  part 
ofgas^  we  combined  this  acid  liquor  with  lime ;  the  liquor 
was  then  evaporated  to  drynefs,  and  afterwards  treated  in  a 
retort  with  weak  fulphuric  acid.  We  thus  obtained  a  pretty 
thick,  clear,  or  very  little  coloured  liquid,  having  a  very  fen- 
fible  acetous  fmell,  and  which,  when  combined  with  potafh, 
gave  a  very  evident  acetite  of  potafh.  This  fait,  indeed,  had 
a  dirty  gray  colour;  but,  by  filtering  a  warm  folution  of  it 
through  pounded  charcoal,  it  loft  the  oil  which  coloured  it, 
and  became  quite  clear. 

The  acid  product,  obtained  from  the  firft  calcareous  fait 
by  the  fulphuric  acid,  was  already  much  lefs  coloured  thaa 
the  pyromucous  acid  ;  it  now  retained  only  very  faintly  the 
fmell  of  caramel  (pan  fugar),  which  charafterifes  the  acetous 
acid. 

When  difengaged  a  fecond  time  from  alkaline  fait  by  the 
fulphuric  acid,  it  was  ftill  purer,  had  nothing  of  its  firft 
origin,  and  now  exhaled  only  a  pirre  acetous  odour.  We 
had  reafon,  therefore,  to  conclude,  from  thefe  experiments, 
that  the  pyromucous  acid  was  nothing  elfe  than  acetous  acid 
united  to  an  empyreumatic  oil  arifing  from  the  decompofi- 
tion  of  the  fugar  by  fire. 

'J'he  fame  refult  took  place  with  acid   liquors  extrafted 
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from  gnms,  honey,  manna,  ilarch,  paper,  and  fcveva!  other 
vegetable  Tubftances  which  are  known  to  yield  pyromucous 
^cid  by  diftillation. 

3.  White  and  purified  tartar  gave  by  the  retort  nearly  a 
half  leis  of  acid  liquor,  than  fugar  furnilhed  of  pyromucous 
acid.  This  tartareous  acid  produ£l,  obtairied  by  a  well  re- 
gulated heat,  was  almod  tranfparqnt,  and  had  not  the  rcd- 
dilh-brown  colour  of  the  empyreumatic  acids  extrafted  by 
means  of  a  llrong  heat.  It  however  had  an  acrid  empy- 
reumatic odour,  a  heavy  and  hu^hly  coloured  oil  floated  over 
it,  and,  notwithftanding  its  pungent  nature,  it  would  have 
feeen  difficult  to  afcertain  it  to  be  acetous  acid  by  this  fingle 
experiment :  but  it  did  not  long  deceive  us.  Having  fatu- 
ratcd  it  with  potafh  immediately,  on  account  of  its  little 
colour  and  impurity,  we  ditlilled  it,  after  being  evaporated 
to  drynefs,  with  diluted  fulphnric  acid,  and  it  furniflied  acetous 
acid,  eafy  to  bediltinguiflied  as  fuch,  without  any  mixture  of 
empyreuma. 

We  found  that  by  diftilling  pyrotartareous  acid,  even  not 
reftified  and  in  a  red  ftate,  from  off  pounded  charcoal,  previ- 
ouily  well  lixiviated  and  carefully  dried,  it  loft  by  this  finiple 
operation  its  empyreumatic  nature :  we  are  even  perfuaded 
that  mere  filtration  of  this  acid  warm,  throu'.i;h  charcoal,  fe- 
veral  times  repeated,  would  be  furhcient  to  feparate  from  it 
the  oil, and  to  bring  it  to  the  ftate  of  acetous  acid  almoft  pure. 

No  doubt,  therefore,  can  remain,  that  the  pyrotartareous 
acid  is  acetous  acid  rendered  impure  by  a  portion  of  empy- 
r<3uinatic  oil  produced  by  the  decompofition  of  the  tartareous 
acid  by  ca!'>ric. 

3.  The  pyro-ligneous  acid  obtained  from  fliavings  of  beech 
wood,  diftillcd  with  care,  formed  n  ith  lime  a  brown  fait  not 
cryftaliif''.hle,  Tbis  iah,  when  treated  with  very  weak  ful- 
phuric  r.cid,  gave  acetous  acid,  known  by  its  fmell,  the  de- 
liquefcent  acetite  it  formed  v/ith  potafn,  or  the  cryltallifabie 
acetite  obtainetl  from  it  with  foda. 

Another  portion  of  ihe  ianie  primilive  pyroligneous  acid, 
\i-hcn  iunnediatcly  united  to  potalh,  and  filtered  in  its  lolu- 
tion  throufrh  powdered  charcoal,  o;ave  an  acetite  of  potafh 
^.Imoft  colqurleie,  from  which  weak  fulphuricacid  dilene;a<ted, 
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by  diftillation,  very  pure  acetous  acid,  almoft  without  empy- 
reumatic  odour  or  fumes. 

It  mud  here  be  obfcrved  that  the  pyroligneous  acid,  that 
of  the  three  acids  obtained  by  fire  which  has  the  moft  Itrlking 
empyreumatic  odour  and  characler,  is  alfo  one  of  the  three 
moit  difficult  to  be  purified,  and  to  be  carried  to  the  (late  of 
very  pure  vinegar.  It  does  not,  therefore,  afiume  the  nature 
of  the  lafi:,  as  the  tartareous  acid  does,  by  fihration  alone, 
nor  even  by  two  fucccflive  dillillations  from  off  powdered 
charcoal.  Bv  employinn;  even  the  aid  of  ebullition  and 
ftrong  agitation  with  charcoal,  it  cannot  be  deprived  of  its 
oil,  while  both  of  thefe  proceffes  fucceed  with  certainty  and 
eafe  in  purifying  the  pvroniucous  acid,  which,  indeed,  gives' 
up  with  moft  eafe  its  oil ;  and  even  in  purifying  the  pyrotar- 
tareous  acid,  though  it  be  a  little  more  difficult  to  fcparate  its 
oil  than  that  of  the  pvromucous  acid. 

But  though  it  is  more  refraftory  in  oppofing  purification, 
and  that  kind  of  analvfis  of  which  I  here  fpeak,  it  is  no  lefs 
proved,  that  the  pyroligneous  acid,  like  the  two  preceding,  is 
only  acetous  acid  impregnated  with  empyreumatic  oil,  pro- 
duced from  wood  altered  by  heat. 

VII.  Art'ijlc'ial  Converfion  of  the  pure  Acetous  Acid  into  the 
PjTomiicous,  Pjrotartcircous,  and  Pyroligtieous  Acids. 

The  preceding  experiments  might  be  fufficient  to  make  us 
acquainted  with  the  identic  and  real  acetous  nature  of  the 
Uiree  empyreumatic  acids,  which  have  been  hitherto  confi- 
dered  as  forminof  three  diftincl  acids,  and  belonging  to  a 
genus  well  characterifed.  But  to  thefe  experiments  a  fupple- 
ment  was  ftill  wanting;  it  was  ncceliary  to  inquire  whether 
it  was  not  poffible  to  imitate  thefe  acids  with  that  of  vinegar, 
by  adding  what  feemed  to  be  added  to  it  in  each  of  thefe  acids 
produced  by  fire. 

It  was  before  fully  proved  that  each  of  thefe  producls  of 
Jidillation  differed  from  the  other  two  by  an  empyreumatic 
oil  united  to  it  by  the  effect  of  its  diitiUation  alone.  It  was 
very  eafy,  therefore,  to  try  to  didil  vinegar  from  off  oils  dif- 
tilled  from  a  mucllaiiie,  tartar,  and  wood.  This  trial  was 
aiteoded  wiih  all  iht-  luccefs  th.at  could  be  exnccled.     Acid 
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t)f  vincoar,  heated  in  a  retort  with  each  of  thefe  three  oils, 
iunii filed  a  coloured  and  odorous  produft  exactly  of  the 
fame  nature  as  primitive  pvromucons,  pyrotartareous,  and 
pyroUgncous  acids :  the  odour  and  fmell  of  thefe  acids  were 
very  perceptible  ;  only  thefe  factitious  empyreumatic  acid* 
were  a  little  ftronger  and  fourer  than  thofe  arifing  from  dif- 
lillation,  but  nothing  more  was  neceffary  to  carry  them  to 
the  fame  ftaie  of  weaknefs  than  to  add  to  them  a  little  water. 

By  repeated  trial  we  obtained  a  manner  of  forming  with 
the  acid  of  vinegar  the  three  empyreumatic  acids  much 
fpeedier,  and  in  a  more  fimple  manner,  than  by  diltillation. 
We  found  that  it  was  fufficient  to  throw  fome  drops  of  the 
empyreumatic  oil  of  mucilages,  of  tartar,  or  of  wood,  into  the 
acetous  acid,  to  fufl'er  them  to  remain  fome  time  together,  or 
to  fliake  them  ftrougly,  to  imitate  thefe  acids  made  by  fire. 
The  oil  almoft  immediately  unites  with  the  acid,  dilTolves  in 
it,  gives  it  a  red  or  brown  colour,  and  communicates  to  it, 
at  the  fame  time,  the  acrid  odour  and  bitter  pungent  taflc 
known  in  the  pyromucous,  pyrotartareous,  and  pyroHgneous 
acids. 

The  acetous  acid  is  then  a  real  folvent  of  empyreumatic 
oils,  and  in  that  cafe  it  aflumes  the  characters  of  the  acid 
liquors  or  odorous  fpirits,  as  they  were  formerly  called,  which 
ilTue  from  vegetable  matters  treated  by  fire.  To  feparate 
thefe  oils  diffolved  in  the  acetous  acid,  and  to  bring  back  the 
latter  to  its  puritv  and  to  its  primitive  fimplicity,  the  fame 
means  muft  be  employed  as  for  freeing  the  acetous  acid  from 
the  empyreumatic  acids  united  to  it  when  obtained  by  dif- 
tillation,  viz.  filtration,  agiiation,  ebullition  with  charcoal, 
union  with  lime  and  alkalies,  and  the  difengagement  of  thefe 
combinations  by  weak  fulphuric  acid. 

It  is  to  this  folubility  of  oils  in  the  acetous  acid,  that  the 
oclour  which  this  acid  fo  eafily  acquires  and  retains  feems  to 
be  owing :  it  is  to  it  that  we  muft  afcribe  the  didinftion  of 
a  s;reat  number  of  empyreumatic  acids,  which  feveral  che- 
inifts  have  been  induced  to  make,  and  which  they  could  not 
avoid  doing,  while  continuing  to  confider,  iti  the  acid  pro- 
du6ls  of  dilHlled  vegetable  matters,  the  oumir,  colour,  and 
favour,  as  characters  proper,  if  not  for  pofilively  afccrtaining, 
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tX  teaft  for  conjctiluring  them  to  be  acids  different  from  each 
other;  and  efpccially  by  comparing  ihcfc  charailers  in  acid 
produces  furni filed  by  kinds  of  wood  verv  difiVrent  in  their 
properties,  and  confequently  in  their  produAs. 

VlII.   RiJlcB'ionS  on   the   Frequency   and  the   'Nature,   of  the 
different  Proccfffs  ivhzzh  furn'ijh  Acetous  AcuL 

After  having  proved  that  mucilages,  faccharine  bodies^ 
fitcuKc,  as  well  as  wood  and  tarlareous  compounds,  give  by 
dirtillation  real  acetous  acid,  concealed  in  the  pvodufts  of 
each  of  thcfe  bodies  by  a  portion  of  oil,  having  a  peculiar 
odour,  fmell,  and  colour,  and  that,  confcqutntlv,  wc  ought 
to  dedu6l  from  the  num'oer  of  the  vegetable  acid?  thefe  three 
empyreumatic  acids,  we  thought  it  might  be  ufeful  to  fcience 
to  give  fome  obfervations  here  on  the  produ6lion  of  the 
acetous  acid.  The  knowledge  which  the  chemical  art  pof- 
fefles  at  prefent  refpecling  this  produftion,  though  much 
more  extenfive  than  formerly,  has  never  yet  been  collefted 
into  any  work ;  it  may,  however,  be  of  great  importance  \\\ 
vegetable  analyfis :  fuch  is  the  motive  which  induced  us  to 
prefent  a  fliort  view  of  it,  without,  however,  entering  into 
all  the  details  which  the  fubje6l  might  require  in  a  fyftcmatic 
work. 

The  formation  of  the  acetous  acid,  which  has  aUvays  been 
believed  to  be  neceflarily  produced  by  a  fermentation  pecu- 
liar to  vinous  liquors,  is  fo  frequent  in  the  procefles  of  aft 
and  the  operations  of  nature,  that  it  is  indifpenfably  nccef^ 
fary  to  make  it  a  general  phenomenon,  and  to  Itudy  this 
phenomenon  under  the  name  of  acctijlcation^  as  proper  to 
throw  lioht  on  the  chemical  properties  of  organifcd  bodies. 
We  may  confider  it  either  in  regard  to  iubftances  fufceptible 
of  acetilication,  or  in  regard  to  circumitances  which  favour 
transformation  into  acetous  acid. 

Under  the  firft  point  of  view,  befides  vinous  liquors,  which 
were  firft  found,  and  long  thought  to  be,  the  only  ones  ca- 
pable of  acetification,  we  have  found  a  multitude  of  bodies 
fufceptible  of  experiencing  this  change.  There  is  fcarcely 
any  vegetable  exlra6t  in  which  acetites  are  not  found  :  fap, 
if  it  has  been  kept  only  a  few  hours,  contains  fome  of  itj 
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even  difTerent  kinds  ef  mould  itfelf  are  charged  with  it,  as  may 
be  eafily  proved  by  diftilling  them  with  a  little  dtluted  ful- 
phuric  acid :  tan,  when  heated,  emits  an  odour  of  vine^'ar, 
and  furniflies  fome  of  it  by  the  fame  treatment;  water  in 
which  pulfe,  cabbages,  carrots,  turnips,  potatoes,  cucum- 
bers, the  pods  of  French  beans,  &c.  have  bean  fteeped  and 
grown  four,  is  exceedingly  acetous  :  the  water  from  the  (larch 
inanufa6tories  is  the  fame  :  the  juices  of  acid  frdits,  thofe  of 
apples,  pears,  goofeberries,  ftrawbenies,  rafpberries,  cherries^ 
oranges,  and  lemons,  when  expofed  fome  hours  to  the  warm 
air,  afl'ume,  along  with  a  ftrong  and  pui"jgent  odour,  a  tafte 
differentlv  and  more  ftrongly  acid  than  that  which  they  had 
naturally;  befides  perceiving  in  them  acetous  acid,  you  wilt 
obtain  it  pure  and  infulated  by  fubjecling  thefe  juices  to  dif- 
tillation.  It  is  well  known  from  the  experiments  of  Scheele, 
that  milk  in  becoming  four  gives  acetous  acid;  we  have 
found  that  bouilli  and  animal  jelly  form  this  acid  alfo  :  in  a 
word,  we  have  faid  in  other  memoirs  that  the  urine  of  the 
mammifer3e,  and  that  of  man  in  particular,  had  the  pro- 
pertv  of  becoming  acetous,  and  gave  a  great  quantity  of  very 
flrong  acid  by  diftillation. 

Thus  the  nan>ber  of  the  fubftances  fufceptible  of  acctifi- 
catlon  is  very  coniiderablc  :  extractive  matter,  mucilage,  fac- 
charine  bodies,  fa^cula,  and  flarch;  even  ligneous  bodies, 
tan,  the  greater  part  of  the  primitive  vegetable  acids,  the  ge- 
latin of  animals,  the  cafcous  matter,  and  even  7iree,  that  body 
■peculiar  to  urine,  and  which  chara6lerifes  it  by  its  remark- 
able properties,  all  thefe  produfts  of  vegetable  and  animal 
organifation  and  life  are  equally  fufceptible  of  acetification. 

It  is  true,  that  the.  circumllances  under  which  we  have 
prefented  their  converfion  into  acetous  acid,  feem  all  to  be- 
long to  a  fermentation,  and  that  it  might  be  thought  that 
they  folfow  a  formation  more  or  lefs  ftriking  or  fugitive  of 
vlncA>s  matter,  but  it  remains  for  us  to  {how  that  thefe  mat- 
ters may  be  acetified  by  phenomena  or  caufcs  ditfcrent  from 
iemientation ;  and  this  fa6l  is  already  proved  by  the  acid 
produftions  of  the  diftillation,  which  form  the  principal  fub- 
je(5i  d"  this  memoir.  It  is  here  fecn  that  the  action  of  lire 
Tftally  acetifies  gums,  mucilages,  tartrites,  wood,  A  know- 
7  ledge 
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ledge  of  the  chemical  phenomena  exhibited  by  vegetable 
fubftances  in  regard  to  their  acldilicalion  in  general,  enables 
us  to  obferve  and  diftinguifli  four  circumftances  which  pro» 
mote  their  acctification  or  converfion  into  acetous  acid. 

The  firft  is,  the  decompofing  a6lion  of  the  fire  in  diflilla- 
tion.  Without  here  enterino;  into  more  extenfive  details  oa 
this  fubjecl,  which,  when  \vc  confider  the  object  of  this  me- 
moir, are  lels  neccirary,  wc  fliall  content  ourfelves  with  ob- 
ferving,  that  this  action  of  caloric,  bv  difuniting  the  con- 
•ftituent  principles  of  vegetable  matters,  combines  a  part  of 
them  in  fucli  a  manner  as  to  give  birth  to  ac<^tous  acid;  and 
that  this  convcriiou  is  accompanied  with  the  formation  of 
water,  the  formation  and  difengagement  of  gafeous  carbonic 
acid,  and  the  precipitation  of  carbon  in  the  Hate  of  charcoal. 

The  fecond  mode  of  acctification  of  vegetable  compounds  ~ 
is  that  arifing  from  the  a6lion  of  powerful  acids,  and  parti- 
calarlv  of  the  iiilphuric,  the  nitric,  and  the  oxygenated  mu- 
riatic on  thcfe  compounds.  This  kind  of  produ6tion  takes 
place  in  gums,  fngar,  extrafts,  and  gelatin,  when  treated  by 
acids ;  the  greater  part  of  the  other  vegetable  acids,  and  even 
alcohol  itfelf,  often  experience  fuch  a  change  by  the  decom- 
pofing  influence  of  the  acids  above  mentioned.  While  this 
kind  of  acctification  takes  place,  there  are  formed  alfo  water 
and  carbonic  acid ;  fometimes  carbon  likewife  is  depofited. 
We  mull  here  add,  thai  this  acctification  is  the  laft  term  of 
vejjetable  acidification  in  general,  fince  in  treating  acetous 
acid  by  the  fame  decompofing  atlion  of  the  mineral  acids, 
vou  deftroy  its  acetous  natiire,  and  make  it  pafs  to  the  ftate 
of  water  and  carbonic  acid,  as  is  the  cafe  in  every  vegetable 
decompofition  carried  to  its  maximum. 

The  third  mode  of  acctification  is  the  okleft  known  of  the 
whole,  and  the  only  one  formerly  admitted  :  it  is  the  acetous 
fermentation  that  converts  all  the  different  kinds  of  wine  into 
vinecar:  in  this  there  is  neither  a  precipitation  of  carbon,  nor 
difengagement  of  carbonic  acid.  It  is  well  known  that  it 
takes  place  in  confequence  (>f  an  abforption  of  the  oxygen  of 
the  atmofphere,  and  that  it  fuppofes  the  prcexiftence  of 
vinous  liquors. 

In  the  lafl  place,  we  confider  as  the  fourth  and  laft  mode 
II  3  of 
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of  acctification,  a  kind  of  peculiar  fermentation,  which  does 
not  rc(juire  the  prufencc  of  wine,  which  tr.kes  place  in  mat- 
ters foreign  to  the  nature  of  vinous  liquors,  and  which  has 
fome  relation  to  putrid  decompontiou.  It  is  that  obferved 
in  ammal  liquors  abandoned  lo  thcmfclvL-s,  and  particularly 
in  urine. 

Each  of  thcfc  modes  of  acetification,  though  equally  giving 
birth  to  acetous  acid,  and  fuppofing  the  lame  compofition 
from  which  that  acid  arifes,  fince  it  is  the  Hime  in  every  cafe 
when  it  has  been  purified,  admits,  however,  a  difference  in 
the  produ6ls  which  accoinpany  it.  Each  of  the  acetous  acids 
arifing  from  it,  prefents  indeed  a  fpecific  character  proper  for 
making  it  known  and  for  indicathig  the  fource  which  has 
given  birth  to  it. 

Thus,  I  ft.  The  acetous  acid  obtained  by  fire  is  empyreu- 
matic ;  it  holds  in  folution  an  acrid  oil,  which  gives  it  a  pe- 
culiar odour,  colour,  and  favour. 

2d,  Factitious  acetous  acid,  produced  by  the  a6lion  of 
other  acids,  is  charatterifed  by  the  prefence  of  the  malic,  or 
of  the  oxalic  acid,  formed  at  the  fame  lime  as  itfelf,  and  by 
its  weaknefs,  depending  on  the  proportion  of  the  water, 
which  is  aifo  formed  with  the  three  preceding  acids. 

3d,  The  acetous  acid  .arifing  from  wine  contains  tartar, 
alcohol,  and  a  colouring  matter,  which  give  it  a  peculiar 
chara6ler.     It  is,  as  has  been  faid,  a  fpirituous  acid. 

4th,  In  the  laft  place,  the  acetous  acid  produced  by  putrid 
fermentation  is  always  united,  in  whole  or  partially,  to  am- 
monia, which,  like  it,  ariics  from  this  leptic  commotion. 

But  whatever  may  be  the  matters  or  new  compounds 
united  to  the  acetous  acid  formed  under  any  of  the  four  cir- 
cuniftauces  abovcmentioned,  this  acid,  capable  of  being  fe- 
parated  with  greater  or  lefs  cafe  from  each  of  thefe  fubt- 
llances,  is  always  the  fame,  and  always  fimilar  to  that  ex- 
tracfltd  from  four  wine  by  the  help  of  diftillation. 

It  muft  therefore  be  now  admitted  that  the  acetous  acid  is 
not  the  fo!e  and  nccclkirv  piod.Kil  of  the  fermentation  of 
wine,  and  that  its  produclion,  exceedingly  frequent,  is  one 
of  the  muil  conftant  phenomena  of  vegetable  and  animal 
fnalyjis, 
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VII.  Account  of  a  fatal  Accident  which  happened  to  a  Tra- 
veller on  the  Glacier  of  Buet;  with  fojue  Cautions  to  thofe 
ivho  through  Cunofiiy  vuiy  "jifit  the  Mount  liiis  of  Swifjer-' 
land,  ayid particularly  the  Glaciers.     By  M.  A.  PiCTET, 

Profjfor  of  PhiLfophy  *. 
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Sentiment  of  curlofitv,  cxceedlnglv  natural,  induces 
travellers  from  all  parts  of  Europe  to  vilit  Mont  Blanc,  the 
liighefl:  point  of  the  old  world,  and  to  examine  the  furround- 
ing  glaciers.  Since  the  memorable  afcenfion  of  the  learned 
hiltorian  of  the  Alp5,  thefe  places  have  acquired  a  new  de- 
gree of  intereft :  the  geologue,  the  mineralogift,  and  the 
mere  amateur  repair  thither  with  avidity;  and  even  women 
are  amply  indemnified  for  the  fatigue  of  the  journey  by  the 
pleafure  arifing  from  the  view  of  obje6ls  entirely  new  to 
them,  and  bv  the  amiable  and  friendly  reception  they  meet 
with  from  the  inhabitants.  Every  thing  unites  to  make 
this  excurfion,  which  is  attended  with  no  real  daup-ers,  the 
ufual  obje6l  of  all  curious  travellers  who  vifit  Geneva  and  its 
environs. 

The  more  this  journey  prefents  attra6lions,  the  more  it  is 
of  importance  to  make  known  the  dangers  to  which  travel- 
lers who  undertake  it  mav  be  expoled  merely  bv  imprudence 
or  inattention.  Our  principal  view  is  utility,  and  without 
doubt  it  is  of  utility  to  make  known,  in  all  places  where  this 
journal  may  circul.^.tc,  dangers  which  are  indeed  great  to 
thofe  ignorant  of  them  or  who  forgot  them,  but  of  little 
importance  to  thofe  who  are  forewarned  or  cautioned  to 
avoid  them.  Had  we  treated  this  fubje6l  feme  vears  ago, 
the  fatal  accident  which  lately  took  place,  and  to  which  we 
were  almoft  witneires,  would  not,  perhaps,  have  liappened. 
This  refle£lion  will  not  allow  us  to  hefitate  anv  longer.  The 
experience  I  have  acquired  by  travelling  among  the  mountains, 
either  when  accompanying  my  illuftrious  friend  SauflTure,  or 
in  ten  journeys  undertaken  to  the  glaciers  of  Chamouni 
in  particular,  will  perhaps  entitle  me  to  fome  confidence 
from  thofe  whom  I  am  defirous  of  favine;  from  uneafinefs  or 

*  From  Bibliotbcque  Britan?:iqiu,  No.  112. 
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danger:  T  fliall,  however,  refer  to  the  end  of  this  article  the 
cautions  in  this  rcrjiecl:  whicli  have  been  fuggelted  to  me  by 
experience,  and  fliall  proceed  to  an  account  of  that  event 
which  induced  me  to  take  up  my  pen  on  the  prefent  fuhje*!:!:. 

C.  d'Eymar,  pr?cfc<ft  of  Leman,  an  enlightened  lover  of 
the  arts,  and  a  paffionate  admirer  of  the  beauties  of  nature, 
having  lately  propofcd  to  vifit  the  glaciers  of  Chamouni,  a 
canton  which  at  prefent  forms  the  eaftern  boundaiies  of  the  ' 
department  under  his  adrainiftralion,  invited  me  to  accom- 
pany him ;  and  I  readily  embraced  his  obliging  ofler.  We 
fet  out  on  the  7th  of  Auguli,  and  llept  the  Hrll  night  at  Sal- 
lenches,  as  travellers  do  in  general. 

Next  morning,  during  our  firft  hour's  march,  we  met  a 
young  man  on  foot,  accompanied  by  a  peafant  who  was 
carrvino;  a  valife.  We  were  ftruck  with  the  melancholy  and 
dejefted  air  of  this  peafant.  When  we  arrived  at  Servoz, 
three  leagues  from  Sallenches,  we  learned  from  Deville,  a 
very  intelligent  and  experienced  guide  who  attended  us,  that 
the  morning  of  the  day  before,  a  llranger,  the  companion  of 
the  voung  man  we  had  met,  being  with  his  friend  and  a 
guide  on  the  glacier  of  Buet,  had  fuddenly  difappearcd,  at  the 
diftance  of  fome  paces  before  them,  in  a  crevice  of  the  gla- 
cier covered  with  fnow,  which  had  given  way  under  his  feet. 
When  they  reached  the  mouth  of  the  crevice,  the  bottom  of 
which  they  could  not  perceive,  the  two  furvivors  called  out 
a  great  nimiber  of  times,  but  in  vain,  to  their  unfortunate 
companion  fwallowed  up  in  the  abyfs ;  and  they  did  not  quit 
the  place  till  they  had  loft  all  hope  of  his  fafety.  M.  Zimpf- 
fen,  the  young  man  whom  we  met,  when  he  arrived  at  Ser- 
voz, had  given  Deville  a  commiihon  in  writing,  to  cr.doavour, 
if  poffible,  to  difcover  the  body  of  M.  Efchen,  his  friend,  and 
to  caufe  it  to  be  interred. 

As  fcarcely  twenty-four  hours  had  elapfed  (ince  the  event, 
the  fenfible  mind  of  d'Evmar  was  ftruck  with  a  ray  of  hope, 
and  he  immediately  and  officially  enjoined  Deville  (for  he 
hefiiatcd,  and  not  without  reafon)  to  furnilh  himfelfwith  the 
nccefiary  means,  to  fet  out  in  the  utmoll  hafte,  accompanied 
by  fuch  a  number  of  men  as  he  prefumed  might  be  necef- 
farv,  and  Vj  irive  him  an  account  of  whatever  fhould  be  the 
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rcfult.  It  was  at  Icafl:  a  journey  of  nine  hours  from  Scrvoz 
to  the  g'acier  in  qucftion;  and  as  this  glacier  did  not  form 
any  part  of  thofe  we  intended  to  vifit,  it  was  impofhble  for 
us  lo  be  inf;)rnied  of  the  ilTue  of  the  propofed  fearch  till  wc 
paHed  Scrvoz  on  our  return  from  Chamouni,  to  which  wc 
continued  our  route  not  without  dejeftion. 

It  is  with  regret  that  I  am  obliged  to  omit  the  details  of 
the  ftay  we  made  in  this  interefting  valley  ;  they  have  a  cha-, 
racter  which  will  ahvavs  be  imprinted  in  my  remembrance^ 
but  they  would  be  foreign  to  the  prefent  obje£l.  However, 
while  the  brave  Deville  ai>d  his  companions  are  engaged 
with  their  cnterprii'e,  I  fliall  venture  to  fufpend  the  impa- 
tience of  my  readers  for  a  few  moments  in  order  to  make 
them  a<?qnainted  with  the  glacier  of  Buet^  and  the  motives 
which  might  induce  travellers  to  vilit  it. 

It  is  to  Meflrs.  De  Luc,   the  two  brotliers,  that  philofo- 
phers  and  naturalilts  are  indebted  for  difcovering  the  pofli- 
biiity  of  reaching  this  fummit  covered  with  eternal  fnaw.     It 
is  an  infulated  mountain  fituated  in  front  of  the  central  chain 
to  which  Mont  Blanc  and  its  glaciers  belong,  and  feparated 
from  them  by  a  lower  cliain  that  runs  in  a  parallel  direction. 
This  glacier  may  be  feen  from  Geneva  immediatelv  on  the 
left  of  the  INIole.     It  appears  under  the  form  of  a  ridge  not 
very  liilient,  and  w  hieh  leems  to  be  eafy  of  accefs.     Meirrs. 
De  Luc   were,   however,  deceived  in  this  ref|>e(9:,  and  the 
account  of  three  attempts  they  made  to  reach  it,  the  laft  of 
which  alone,  on  the  20th  of  September  1777,  was  attended 
with  fuccefs,   is  one  of  the  mod  intereiting  epifodes  to  he 
found  in  the  works  of  any  naturalift.     It  was  a  defire  to  dif- 
cover  the  law  which  the  decreafe  of  heat  in  boHing  watrr 
follows  in  proportion  as  it  is  raifed   in  the  atmofphere,  that 
induced  them  to  vifit  this  mountain,  and  to  brave,  three  dif- 
ferent times,    difficulties  and  dangers  of  various  kinds   to 
\vhich  they  were  expofed  in  attempting  to  reach  a  fummit 
that  mav  be  confidered   as  the  utmoft  poliible  boundary  of 
philofophieal   obfervation.      Honour  lo   that  feience  vvhlcli 
infpires  courage  fo  perfevering,  and  which   produces  it  in 
fucceeding  generations!     Our  daring  countrymen  never  fuf- 
peoled  that,  feventcen  years  after  this  expedition,  Saufiure 
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would  repeat  their  experiment  on  Mont  Blanc  itfelf,  that  i$ 
to  fav,  about  850  toifes  higher  than  they  were  able  to  afcend 
after  oreat  danger  and  fatitrue. 

Some  years  ago,  a  much  eafier  route  for  arriving  at  the 
fummitof  Buet  or  La  Mortine  (for  it  is  known  by  that  name 
alfo)  than  that  followed  by  JNJcllrs.  De  Luc  was  difcovered> 
and  by  this  route  I  afcended  it  twice  without  experiencing 
any  difficultv.  You  firft  fleep  at  Chalets  de  Villy,  the  lad 
place  of  padure  of  the  valley  which  begins  at  Servoz  and 
terminates  at  the  glacier  of  Buet.  From  Villy  you  proceed 
to  the  Col  de  Salenton  by  a  path  practicable  for  mules ;  you 
then  encounter  the  mountain  on  its  eaftern  and  foutheril 
fides,  and,  pafling  alternate  declivities  of  fnow  and  ilate^ 
reach  the  fummit  at  the  end  of  two  hours  and  a  half.  The 
mean  of  two  obfcrvations  of  the  barometer  which  I  made 
there,  and  which  were  very  little  different  in  their  refults, 
gave  me  1594  toifes  for  its  height  above  the  level  of  the  fea. 

The  mountain  itfelf  prefeuts  nothing  very  interefting  in  a 
lithologic  point  of  view;  it  confifts  of  (late  intermixed  with 
veins  of  rotten  quartz,  or  quartz  limilar  to  ftalaftites;  but  as 
a  belviderc,  nothing  in  my  opinion  exifts  that  can  be  com- 
pared to  it.  You  here  embrace  at  one  view  the  whole  fpace 
comprehended  between  Jura  on  the  weft,  as  far  as  the 
mouths  of  the  Rhone  on  the  eaft,  and,  on  account  of  this 
circumllance  alone,  I  confidered  this  mountain  as  exceedingly 
proper  for  receiving  fignals  in  an  intended  meafurement  of 
a  dejTree  of  latitude  and  two  degrees  of  longitude  in  the  pa- 
rallel of  Geneva;  a  plan  which  may  be  found  detailed  in  a 
memoir  publiflied  in  the  Philofophical  Tranfaftions  of  the 
Royal  Societv  of  London  for  the  year  1791  *. 

In 

*  I  cannot  convey  a  better  idea  of  the  fititation  of  this  fpot  than  by 
quoting  the  words  of  M.  De  Luc: — *'  It  is  difficult  to  give  a  dcTcription 
in  words  when  thty  do  not  awaken  fenfations  which  have  been  feit ;  I 
do  not,  therefore,  flatter  myftlf  with  the  hoj  e  of  exciting  in  the  minds 
of  my  readers  thofe  which  I  thenexpericrceri.  The  moll  profound  filence 
prevailed  in  thcle  regions  }  we  perceived  that  they  were  not  made  for 
living  beings;  they  were  as  little  known  to  our  guides  as  to  us.  The 
Chamois  goats  nev^r  approach  them,  and  confequently  no  hunter  had  ever 
afcended  fo  tar, 
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In  my  fecond  journey  to  mount  Buet,  I  was  under  the 
difagreeable    ncceffity    of  being   conftantJy   enveloped    by 

clouds 

**  This  fenfation  of  profound  folitude  \yas  one  of  thofe  which  we  could 
moft  eafilv  explain,  but  it  does  not  explain  our  fituation.  VV^e  were  on 
an  immeiilc  extent  of  fiiow,  the  whitcncfs  of  which  nothing  al'cred.  The 
rays  of  the  fun,  rcflc£l^ed  in  a  ftraight  line  from  the  fnow  towards  that 
luminary,  fhowed  us  how  fmooth  it  was  ;  and  this  fmoothnefs  the  inr.agina- 
tion  extended  to  every  thing  around.  We  faw  nothing  but  this  fnow,  and 
the  heavens,  towards  which  it  was  terminated  in  various  folds,  delicately 
rounded  like  thofe  beautiful  argentine  clouds  which  are  fometimes  feen 
floating  majeftically  in  the  pure  atmofpherc.  This  was  ex^ftly  what  pro- 
duced the  extraordinary  fenfation  which  we  then  experienced.  We  aci:u- 
ally  thought  ourfelvcs  fufpended  in  t|ie  air  on  one  of  thefe  clouds. — And 
what  kind  of  air  ?  Never  had  we  before  feen  it  of  fuch  a  colour.  It  was 
blue,  daik  and  bright  at  the  fame  time,  which  produced  an  inexpref- 
fible  fenfation  of  immtnfity. 

"  It  was  near  noon  when  we  arrived;  and,  on  railing  our  heads  above 
the  veil  which  fo  long  concealed  from  us  the  caftern  part  of  the  horizon, 
we  fuddenly  difcovcred  the  immenfe  chain  of  the  Alps  in  an  extent  of 
more  than  fifty  leagues.  On  whatever  fide  we  turned  our  eyes,  the  whole 
horizon  was  covered  with  mountains.  Its  boundary  on  the  weft  was  no- 
thing but  the  thicknefs  of  the  air ;  for  we  overlooked  the  chain  of  Jura» 
diftant  about  thirteen  or  fourteen  leagues,  fomuch  that  we  could  have  feen 
the  plains  of  Franche-Comtc  and  Burgundy,  if  the  air  had  been  fufficiently 
tranfparent.  On  the  fouth-weft  our  view  extended  as  far  as  Mount  Cenit, 
find  on  the  north-eaft  probably  as  far  as  Saint  Gothard.  We  were  far 
raifed  above  all  the  detiles  of  the  Alps,  and  only  a  few  of  their  peaks 
were  elevated  above  us. 

'•  In  all  this  vaft  fpace,  where  mountains  were  accumulated  on  each 
other,  we  coiild  difcovtr  no  plain  but  in  a  fmall  corner  to  the  weft,  the 
middle  of  which  was  occupied  by  Geneva  ;  and  on  the  north-eaft  we  faw, 
almoft  from  one  end  to  the  other,  the  large  valley  through  which  the 
Rhone  flows,  from  the  place  where  it  falls  from  the  mountains,  as  far  as 
SioD,  the  capital  of  the  Valais,  diftant  from  the  place  where  we  were  nine 
Often  leagues.     All  the  reft  was  filled  with  mountains. 

"  The  details  as  well  as  the  enfembk  would  have  excited  the  attention 
-of  the  moft  indifferent  beholder.  A  fingle  view  of  the  immenfe  quantity 
of  ice  and  fnow  which  covers  the  Alps  will  be  fufficient  to  fatisfy 
the  fpeftator  refptfting  the  duration  of  the  Rhone,  the  Rhine,  the  Po,  and 
the  Danube.  It  infpires  us  with  an  idea  that  this  is  their  common  re- 
fervoir,  and  that  it  is  fufficient  to  fupply  them  with  water  during  feveral 
years  of  drought.  We  compared,  without  having  need  of  calculation, 
their  ftreams  with  their  fources.     Thefe  fources  appeared  to  us  only  fmall 
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clouds  during  the  fix  hours  I  remained  on  it.  T  was  ex- 
ceedingly cold,  and,  in  order  to  warm  ourfelves,  I  and  my 
guides  were  obliged  to  conftrucl  a  hut  on  the  ridge  of 
rocks  neareft  the  fummit.  We  had  at  hand  large  pieces  of 
(late,  and  our  building  was  lo  folid  that  it  Hill  exifts,  and 
has  flieltered  more  than  one  curious  traveller  from  the  le- 
verity  of  the  weather. 

The  glacier,  which  covers  this  fummit,  differs  from  the 
greater  part  of  thofe  accumulations  of  ice  known  under  that 
name  in  this  refpeft,  that  the  latter  generally  occupy  the 
valleys,  or  the  delilcs  in  which  the  ice  has  not  been  ori- 
ginally formed,  but  to  \\hich  it  bas  funk  down  by  its  own 
weight,  and  the  preffure  of  the  ice  above  it;  whereas  the  ice 
of  Buet  has  been  formed  in  the  place  where  it  exifts ;  and 
at  that  height  in  our  parallel  the  fnow  never  n)elts  in 
fummer.  This  mountain,  therefore,  may  ferve  to  determine 
with  fome  precifion  the  lo we  ft  boundary  of  the  fnow  in  our 
climates. 

Thus,  for  example,  by  obfcrving  from  Geneva,  through  a 
telefcope  furniftied  with  a  micrometer,  the  vertical  angle 
comprehended  between  the  fummit  of  the  glacier  and  the 
loweft  boundary  of  the  fnow,  I  found  it  to  be  i6'  14",  which, 
taking  the  diftance  of  Buet  from  Geneva  at  29S20  toifes,  cor- 
rcfponds  to  141  toifes,  the  diftance  of  this  boundary  below  the 
fummit,  which  places  it  at  1453  toifes  above  the  level  of  the  fea. 

It  may  here  be  afked,  what  is  the  mean  annual  tempera- 
ture at  this  height  in  our  latitude  ?  We  have  pointed  out 
fomewhere  in  our  Journal  a  very  finiple  formula,  which 
SaulTure  deduced  from  a  gregt  nuUiber  of  obfervations,  and 
which  reprefents  very  well  the  law  ot  the  decrement  of  the 
mean  heat  of  the  atinofphere  from  the  bottom  upwards.  This  ^ 
decrement  is  a  hundredth  part  of  a  degree  of  the  thermometer 
of  Reaumur  per  toife  of  perpendicular  elevation.     This  ior^ 

rills,  when  compared  with  the  valleys  lilied  with  ice,  from  which  they  flowed. 
IMont  Eianc,  which  rofe  above  thefe  valleys,  feemcd  capable  of  fuinilhing 
alone,  for  a  long  time,  a  fufRciency  of  water  for  a  river,  fo  much  was 
it  loaded  with  ice  from  the  top  to  the  bottom  ;  that  is  to  fay  throughout 
a  prodigious  extcni.  — Rethercbes  fur  les  MociiJiCiUioas  de  I'AlmoJpbere, 
vol.  ii.   p.  390. 
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^wla,  therefore,  applied  to  the  mean  temperature  at  tlie 
level  of  the  fca,  in  the  parallel  of  46'  (the  latitude  of  Buet), 
as  eftabliflied  in  Dr.  Kirwan's  Work  on  the  Temperature 
of  the  Globe,  viz.  56-4''  of  Fahrenheit,  or  10", 8  of  Reau- 
mur, will  give  for  1453  toifcs  14*53  ^'^^fces  to  be  dedu6lcd; 
which  makes  the  mean  annual  temperature  of  the  lower 
boundary  of  the  fnow,  in  that  parallel,  to  be  3*63  degrees 
below  zero  *. 

It  is  not  furprifing,  therefore,  that  this  mountain  fliould 
be  crowned  with  a  glacier,  fince  the  fnow  which  falls  there 
during  the  cold  feafon,  never  entirely  melts  in  the  fummer. 
The  water  produced  by  the  partial  melting  of  the  furface  of 
the  fnow  filters  through  the  porous  fnow  beneath  it,  and 
freezing  in  its  interftices  gradually  converts  it  into  ice.  In 
this  manner  is  formed  an  accumulation,  the  thicknefs  of 
which  M.  De  Luc  endeavoured  to  eftiniate  from  the  follow- 
ing obfervation  : 

"We  judged,"  faid  he,  ^' by  the  pofition  of  thefe  fmall 
rocks,  about  200  feet  lower  than  the  higheft  part  of  the 
ice,  that  they  formed  a  part  of  the  real  fummit  of  the 
mountain.  The  whole  mafs  above  thetn  was  nothing  but 
ice,  in  the  form  of  a  cone,  cut  through  its  axis,  200  feet  in 
height,  with  a  very  extenfive   bafc,  and  refting  on  the  im- 

*  I  had  occsfion  not  long  ago  to  dixufs  this  formula  with  a  phi- 
lofopher,  who  obfi-rved  to  me,  tliat,  according  to  us  nature,  it  wa? 
impoHible  it  could  be  correft;  becaufe  the  dthfity  of  the  air,  an  ele- 
ment on  which  the  prerer%'arion  of  heat  in  the  dlifeient  ftrata  of  the 
atmofphere  eiTentially  depends,  decreafes  in  geoinetricdl  progreflion ; 
while  the  heights  in  toifes,  which  re;>rercnt  the  temperatures,  proceed  ia 
arithmetical  progrefTion.  I  admitted  the  juftncfs  of  the  obfervatiop, 
I'peaking  mathematically  ;  but,  in  a  phyAcal  point  -of  view,  as  the  for- 
mula is  compofed  of  co-efficients,  fom.e  of  thc;n  unknown  or  inappre- 
ciable, which  gives  to  the  temperature  an  arithsueticTl  progreffion,decreafmg 
fiom  the  bottom  upwards,  it  is  no  lefs  true,  tl.  it  this  formula,  however 
deceptive  it  may  be,  reprefent^  the  mean  reliilts  of  obfervations  (liffi- 
cicntly  well  to  be  employed  with  convenience,  w'hcn  an  approximative 
q'.iantitv  onlv  is  necelTary  :  and  this  was  exaiSilv  the  cafe.  The  queftioji 
was  the  mean  temperature  of  mount  Saint  Bernard,  the  philofopher 
was  Bonaparte,  and  the  difcuflion  took  piace  at  table,  and  even  in  the 
apartment  of  the  celebrated  man  whcfe  theory  and  calculations  I  was 
endeavouring  to  defeud, 
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menfe  extent  of  permanent  ice,  which  covers  the  whole  cfe- 
clivity  of  the  fummit." 

But  I  learned,  not  without  furprife  mixed  with  horror, 
by  the  event,  of  wjiich  I  am  going  to  give  an  account^ 
that  this  glacier,  fo  often  vifited  bv  travellers,  and  which  I 
twice  traverfed  myfclf  with  perfect  fecuritv,  contains  fome 
of  thofe  fifl'ures,  covered  with  fnow,  which  renders  others 
dangerous  when  the  proper  precautions  arc  not  employed. 

During  our  ftav  at  Chamouni,  C.  d'Eymar  having 
heard  that  the  guide,  who  accompanied  the  unfortunate 
fcfchcn,  refined  fomewhere  in  the  valley,  fent  for  him,  to 
learn  the  particulars  of  the  accident.  When  he  arrived, 
defpair  was  dill  painted  in  his  looks  and  whdle countenance; 
but  we  learned  nothing  from  him  that  we  did  not  before 
know.  He  was  a  guide,  felefted  by  chance,  who  feemed  to  be 
little  acquainted  with  the  mountains,  and  who,  however,  as 
he  told  us,  had  requefted  M.  Efchen,  when  they  arrived  at 
the  glacier,  not  to  feparate  from  his  two  companions.  Hur- 
ried on,  however,  by  that  undefcribable  fenfation  which 
people  fometimes  experience  when  they  reach  high  fummit?, 
and  obferving  at  the  top  of  the  glacier,  a  little  diftance 
before  him,  two  chamoy  hunters,  who  were  reding  them- 
felves,  he  hurried  forwards  to  join  them;  and  it  was  then 
that  he  difappeared. 

We  fliall  now  return  to  our  narrative.  As  we  pafTed 
Servoz  on  the  morning  of  the  third  day,  the  body  of  the  un- 
fortunate Efchen  was  conveyed  thither.  We  viewed  it  with 
the  livelieft  emotion ;  and  by  minute  infpe6tion  we  w^erc 
convinced  that  he  had  not  furvived  his  fall  a  fingle  moment. 
We  were  fully  confirmed  in  this  opinion  by  the  details 
which  were  given  to  us,  and  by  obferving  that  three  of  the 
real  ribs  on  each  fide  were  broken,  and  that  there  was  a 
great  depreflion  of  the  fternum ;  fymptoms  which  indicate 
that  the  unfortunate  young  man  had  experienced  the  mod 
fuddcn  and  mod  violent  compreflion.  The  body  was  no 
ways  disfigured,  and  his  features,  in  perfect  harmony,  excited 
no  idea  of  his  having  differed  pain.  We  learned  by  the 
paflport  found  in  his  pockets,  along  with  other  articles,  that 
his  name  was  Frederick  AugudusEfclien;  that  he  was  born 

in 


Oil  tie  Anf'ient  Egypfian  Ibis.  6t 

in  ihe  blfhoprlc  of  Lubec,  and  that  he  was  twenty-thrce 
years  of  age. 

[To  be  concluded  'ih  the  ficXt  Number.] 


V^III.    JMcmolr  on  tic  Ibis    of  the  Antient  Egyptians.     By 

C.  CCVIER*. 

X^VKRY  one  has  heard  of  the  Ibis,  a  bird  to  which  the 
antient  Egyptians  paid  divine  honours ;  images  of  which 
thev  placed  in  their  temples  ;  which  the\'  fuffered  to  wander 
about  unmolefted  in  their  cities  ;  which  they  embalmed  with 
as  much  care  as  thev  did  their  relations  ;  to  which  they 
afcribed  virginal  purity^  and  an  inviolable  attachn-ent  to 
a  conntrv  of  w  hich  it  was  the  emblem,  and  the  figure  of 
which  the  gods  would  have  affamed,  had  they  been  forced  io 
adopt  one  mortal. 

No  animal  ought  to  have  been  fo  eafy  to  be  diftinguiflied, 
for  there  is  none  of  which  they  have  left  fo  many  excellent 
defcriptions,  correft  coloured  figures,  and  even  the  birds 
therafelves  carefully  prefervcd  with  their  feathers,  under  the 
triple  covering  of  that  ftrong  preferver  bitumen,  thick  and 
clofe  bandages,  and  of  ftrona:  vafes  well  covered  v.-lth  maftic. 
Yet  among  all  the  modern  authors  who  have  fpokeu  of  the 
ibis,  there  is  none  but  Bruce,  a  traveller  celebrated  by  his 
courage  and  his  knowleda«:  of  natural  hiftor\',  who  has 
avoided  error  in  regard  to  the  real  fpecies  of  this  bird  ;  and 
vet  his  ideas,  however  correct,  have  not  been  adopted  by 
aaturalifts. 

After  feveral  changes  of  opinion  refpefting  the  ibis,  na- 
turalifts  at  prefcnt  ftem  to  agree  in  giving  this  appellation  to 
a  bird,  a  native  of  Africa,  nearly  of  the  fize  of  the  ftork,  with 
white  plumage,  and  the  wing  feathers  black  ;  raifed  on  long 
red  legs,  and  armed  with  a  long  bent  bill,  (liarp  at  the  edges, 
indented  at  the  extremity,  round  at  its  bafe,  and  of  a  pale  yel- 
iow  colour,  and  having  its  face  covered  with  a  yellow  fkin, 
dellitute  of  feathers,  and  not  extending  beyond  the  eyes. 

•"*  Journal  de  Pbjfiqve,  Fruaidor,  an.  2, 

Such 


^3  Memoir  on  the  Ibis  of 

Siich  is  the  Ibis  of  Perrault*,  the  white  ibis  of  Briflonfy 
the  white  Egyptian  ibis  of  Buffon;!:,  the  tantvilus  ibis  of 
Linnirus  in  the  twelfth  edition  of  his  works;  fuch  is  the 
bird  which  in  the  National  iVIufaeum'is  called  the  Egyptian 
ibis,  and  which  is  there  placed  near,  and  not  without  rea- 
fon,  to  the  cinicaca  of  Marfrrave,  or  the  tantalus  loculator 
t)f  Linnaeus,  for  they  both  have  a  hooked,  Iharp,  and  in* 
dented  bill.  To  the  fame  bird,  according  to  Blumenbach, 
who;  however,  confeffes  ti>at  at  prefent  it  is  very  rare,  atleaft: 
in  lower  Egypt,  the  Egyptians  paid  divine  honours  §. 

I  participated  in  the  error  of  thefe  celebrated  men  above 
mentioned,  till  I  had  an  opportunity  of  examining  myfelf 
fome  mummies  of  the  ibis.  This  pleafure  was  afibrded  to 
me  lately  by  Fourcroy,  to  whom  General  Grobcrt  of  the 
Artillery,  on  his  return  from  Egypt,  prefcnted  two  of  thefe 
mummies.  On  unwrapping  it  with  care,  we  obferved  that 
the  bones  of  the  embalmed  bird  were  much  fmallcr  than 
thofe  of  the  tantalus ;  that  they  were  fcarcely  fo  large  as 
thofe  of  the  curlew  ;  that  its  beak  refembled  that  of  the 
latter,  the  length  excepted,  which  was  fomewhat  lefs,  and 
not  at  all  equal  to  the  tantalus ;  in  a  word,  that  its  plumage 
was  white,  with  the  wing  feathers  black,  as  ..mentioned  by 
the  antients. 

We  were  therefore  convinced,  that  the  bird  which  the 
Egyptians  embalmed  was  by  no  means  our  tantalus  ibis  ; 
that  it  was  fmaller ;  and  that  it  was  neceflary  to  fearch  for  it 
amons;  the  orenus  of  the  curlew." 

After  finne  rei'earch,  we  found  that  the  mummies  of  the. 

*  Defcri lotion  dun  ifAs  blanc  ft  Je  deux  cicognes  in  the  Memoirs  of  the 
Acad,  of  Sciences,  Vol.  III.  p.  6i.  Plate  X\U.- fig.  i.  The  bill  is 
reprefenttd  as  truncated  at  the  end  ;  but  this  is  the  fault  of  the 
draftfiiian. 

I  Numcnius  fordide  albo  mfcfcens,  capite  anteriore  nudo  rubro ;  la^ 
teribus  rubro  purpureo  et  carncn  colore  maculatis,  remigibus  majoribus, 
nigris,  neftricibus  fordide  albo  rufcfcentibus,  roftro  in  exortu  dilute 
luteo,  in  extremitatc  aurantco,  peJibus  grifcis. — lUs  cand'ula.  Briffon 
Ornith.  Vol.  V.   p.  349. 

\  Hijloire  iles  AnimauXy  Vol.  VIII.  410.  p,  14.  Plate  I.  Planches 
en!.  No.  :?S9. 

§  Handbuch  der  Natur  Cefdiiihlc,  p.  203.     Edit,  of  17S;:. 
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ibis,  opened  before  our  time  by  different  naturalifts,  had 
been  fniiilar  to  ours.  Butfon  fays  cxprcfsly  that  he  exa- 
mined feveral  of  them  ;  that  the  birds  they  contained  had 
the  bill  and  fizc  of  the  curlew  ;  and  yet  he  bHndly  followed 
Perrault,  in  confidcring  the  African  tantalus  as  the  ibis.  One 
of  the  mummies  opened  by  Butlbn  ftill  exifls  in  the  Mu- 
frcum  :  it  is  fimilar  to  thofe  we  have  feen.  Dr.  Shaw,  in  the 
Supplement  to  his  Travels*,  defcribes  and  gives  an  exa6l 
reprefentation  of  the  bones  of  a  (imilar  mummy  ;  the  bill, 
he  fays,  was  fix  inches  Englifli  in  length,  and  refembled 
that  of  the  curlew,  Sec.  In  a  word,  his  defcription  agrees 
entirely  with  ours. 

Caylus,  in  h\s  Rec?.ieil  d'Aniigiiitc'sf,  gives  the  figure  of 
a  mummy  ibis,  the  height  of  which,  with  its  bandages,  was 
onlv  one  foot,  feven  inches,  four  lines;  though  he  fays  ex- 
prefsly,  that  the  bird  was  placed  in  it  on  its  legs,  with  its 
head  ere£l,  and  that  no  part  was  bent  back  in  its  embalmed 
fiate. 

Haflelquifl:,  who  confidered  as  the  ibis  a  fmall  white  and 
black  heron,  afligns  as  his  principal  reafon  for  doing  fo,  that 
the  height  of  this  bird,  which  is  equal  to  that  of  the  crow, 
correfponds  perfectly  with  the  height  of  the  mummies  of 
the  ibis;];;  how  then  could  Linnaeus  give  the  name  of  ibis 
to  a  bird  as  large  as  the  Itork  ;  how,  in  particular,  could  he 
confider  this  bird  to  be  the  fame  as  the  ardca  ibis  of  Haf- 
felcjuifl:,  which,  befides  its  fmall  fize,  had  a  fl;raight  bill ; 
and  how  could  this  laft  error,  in  regard  to  fynonyms,  be  ftill 
retained  in  the  Sjjiema  Nature  P 

The  only  figure  of  the  bill  of  an  embalmed  ibis,  which 
does  not  accord  with  ours,  is  that  given  by  Edwards  §.  It  is 
a  third  larger  than  it  ought  to  be;  but  as  it  contradifts  all 
the  other  teftimonles,  we   muft  believe  that  it  was  taken 

*  Edit,  of  Oxford,  1746.     Plate  V.   p.  64 — 66. 

f  Vol.  Vt.     riatc  IX.  /j.  I. 

J  Iter  Paleftinuin,  p.  249.  Magnetiido  gallina;,  feu  cornicis  ;  and 
p.  250,  Va!a  quse  ill  fepulcluris  inveniuntur,  cum  avibus  conditis,  hujus 
Junt  magnitudinis. 

§  Plaif  lOj. 
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from  the  mumm)'-  of  fome  bird  different  from  the  ibis;  or 
that  the  drafifman  enlarged  the  proportions  *. 

It  was  necefiary,  therefore,  to  feck  for  th?  rea.1  ibis  fome- 
where  elfe  than  among  thefe  birds  of  the  tantalus  kiud,  of  a 
great  height  and  with  a  fliarp  bill.  In  vifc\Ainn; the  collection 
of  bird.-?,  which  Laccpede  has  arranged  in  fuch  beautiful 
order  in  the  Mufaeam  of  Natural  tJlliorv,  wc  difcovered  a 
fpecics,  never  before  mentioned  or  defcrihcd  in  any  of  the 
fyftematic  authors  except  Latham,  and  which  alone  corre- 
fponds  to  every  thing  indicated  to  us,  by  antient  authors, 
monuments,  and  mummies,  as  charaAers  of  the  ibis. 

It  is  reprefenled  in  the  annexed  figure  (Plate  III.) ;  it  is  a 
bird  of  the  fize  of  the  curlew ;  its  bill  is  fimilar  to  that  of 
the  curlew,  but  proportionally  a  little  ihor^er,  and  of  a  black 
colour;  two-thirds  of  its  head  from  the  neck  are  bare  of  fea- 
thers, and  covered  with  diort  black  down  ;  the  plumage  of 
the  body,  wings,  and  tail,  is  a  dirtv  white,  except  the  tips  oi 
the  large  wing  feathers,  which  are  black,  and  thofe  of  the 
lower  part  of  the  back,  which  are  of  the  fame  colour,  and, 
being  long,  fall  over  the  tips  of  the  wings  when  they  are 
folded.     The  feet  arc  black,  and  like  thofe  of  the  curlew. 

The  individual  in  quefrion  formed  part  of  the  ftadtholder's 
colleftion,  but  we  are  unaccjuainted  wi^h  its  native  country. 
Defmoulins,  who  has  fecn  two  others,  afl'ures  us  that  they  were 
both  brought  from  Senegal ;  one  of  them  was  even  brought 
from  that  country  by  Gcoffroy  de  \^ilieneuve ;  but,  befides 
that  the  climate  of  Senegal  is  in  nothing  different  from  that 
«>f  the  Nile,  we  fhall  fee  hereafter  that  Bruce  found  this  fpe- 
cies  in  abvmdance  in  Egypt ;  and  I  imagine  that  the  moderns 
\\-ill  not  admit,  without  fome  latitude,  the  aiTcrtion  of  the 
patients,  that  the  ibis  never  quitted  that  facred  land, 

■  Since  I  read  this  mennoir,  C  Olivier  had  the  goodnefs  to  fliow  me 
the  bones  which  he  took  from  two  mummies  of  tho  i'ois,  and  to  open  v\ith 
us  tMV'O  others.  Thcfe  bones  were  fimiiar  to  thot'e  in  the  mummies  of 
General  Grobcrt:  one  of  the  four  only  were  fmallcr,  but  it  was  eafiiy 
obferved  by  the  epiphyfes  that  they  had  belonged  to  a  young  indniduai. 
C.  Olivier  fliowed  us  aiio  a  bill  two-thirds  longer  than  thofe  found 
commonly  in  mummies  of  the  ibis  -,  but  tliis  bill,  however,  was  perfectly 
frmilar  to  that  of  tiie  curlcv/ ;  and  in  particular  to  that  of  the  black  ibis 
.0i  Rclon  i   but  in  no  rannner  to  that  of  tl;e  tantalus, 
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ljcTidc3,  this  aflertion  would  be  as  much  contrary  to  the 
tantalus  ibis  as  to  our  curlew  ;  for  the  individuals  which  we 
poflels  of  that  fpecies,  have  been  brought  from  Senegal.  It 
was  from  this  country  that  Geot^Vov  de  Villeneuve  brought 
the  one  in  the  Mufa^um  of  Natural  Hiftory  :  it  is  even  much 
rarer  in  E^vpt  than  our  curlew,  fince,  according  to  Perrault, 
no  one  had  ever  faid  that  he  faw  it  there,  or  had  received  it 
from  that  country. 

Since  wc  are  now  acquainted  with  this  bird,  if  we  examine 
the  works  of  the  antients,  and  antient  monuments,  we  fliall 
find  every  difficulty  vanilh,  and  that  all  their  teftimonies 
agree  with  the  bed  of  all,  which  is,  the  body  of  the  bird  itfelf 
preferved  and  embalmed.  "  The  moft  common  kind  of  the 
ibis,"  fays  Herodotus*,  '•'  has  the  head  and  neck  bare,  the 
plumage  white,  except  the  head,  the  neck,  the  tips  of  the 
wings,  and  the  rump,  wdiich  are  black.  The  bill  and  feet 
refemble  thnfc  of  the  other  kind  of  ibis :"  and  he  had  laid  of 
the  latter,  "  they  are  all  black,  have  feet  like  the  crane,  and 
a  hooked  bill."  There  arc  many  modern  travellers  who  do 
not  give  fuch  good  defcriptions  of  the  birds  ihey  oblerve  a-5 
tiiat  which  Herodotus  has  given  of  the  ibis.  How  could 
naturalifts  apply  this  defcription  to  a  bird  having  no  part 
naked  but  the  face,  which  is  red?  To  a  bird  which  has  the 
rump  white,  and  not  black  ?  This  laft  character,  however, 
was  elTcntial  to  the  ibis.  Plutarch  fays,  in  his  Treatife  De 
JJide  et  O/iride,  that  the  manner  in  which  the  white  was 
mixed  with  the  black  in  the  plumage  of  this  bird,  made  it 
appear  as  if  marked  with  a  crefcent;  and,  indeed,  the  union 
of  the  black  of  the  rump  w  ith  that  of  the  two  tips  of  the 
wings,  which  forms  on  the  white  a  large  femicircular  in- 
dentation, makes  tiie  white  have  a  reicmblance  to  that  figure. 

It  is  more  difficult  to  explain  what  he  means  when  he  fays 
that  the  feet  of  the  ibis  form  with  its  bill  an  equilateral  triangle. 

The  painiings  of  Herculaneum  f,  hou  ever,  place  the  mat- 
ter bevond  all  doubt.  Some  of  thefe  paintmgs,  which  repre- 
fent   Egyptian    ceremonies,    exhibit    feveral   of  thefe   birds 

*  Euterpe. 

+  Plates,  No.  133  and  140  of  the  edition  of  David;  and  Vol.  ,11. 
p.  i?5.  No.  ^q  ;  and  p.  jzi,  No.  60,  of  the  o;i^inai  edition. 

-Vol.  VIII.  K  walking 
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walking  in  the  courts  of  the  temples :  they  are  perfe(9;iy 
fimilar  to  the  bud  which  we  have  pointed  out :  we  may  in 
particular  obferve  in  them  the  charafteriltic  blacknefs  of  the 
head  and  neck;  and  it  may  be  readily  feen,  by  comparing 
their  fize  with  that  of  the  perlonages  in  the  paintings,  that 
it  muft  have  been  a  bird  of  about  half  a  yard  in  height  at 
mod,  and  not  a  yard,  like  the  tantalus    His. 

The  mofaic  (;f  Palcitrine  exhibits  alfo  in  its  middle  part 
feveral  ibifes  perched  on  buildings,  and  which  are  in  nothing 
different  from  thofe  of  the  paintings  of  Herculaneum.  Afar- 
donyx  in  the  cabinet  of  Dr.  Mead,  copied  by  Dr.  Shaw  *, 
and  reprefenting  an  ibis,  fcems  to  be  a  miniature  of  the  bird 
which  we  are  defcribing.  A  large  bronze  medal  of  Adrian, 
an  engraving  of  which  is  given  in  the  Mufseum  de  Farnefe, 
and  another  of  the  fume  emperor  of  filver  f,  exhibit  figures 
of  the  ibis,  which,  notwithltanding  their  fmall  lize,  have  a 
great  refemblance  to  the  bird  in  queftion. 

In  regard  to  the  figures  fculptured  on  the  plinth  of  the 
ftatue  of  the  Nile  at  the  Belvedere,  and  in  the  copy  of  it  in 
the  garden  of  the  Thuilleries,  they  are  not  well  enough 
iiniOicd  to  ferve  as  proofs ;  but  we  ftill  have  a  fufficieiit 
number  to  obviate  every  doubt. 

We  muft  do  Bruce  the  juftice  to  fay  that  he  difcovered  the 
real  ibis  |.  Tlis  abou-hannes,  compared  with  the  bird  we 
have  defcribed,  is  fo  fimilar,  that  it  is  hardly  poffible  not  to 
confider  it  as  of  the  fame  fpecies  :  and  this  traveller  fays  ex- 
prefsly,  that  it  feemed  to  him  to  refemble  thofe  contained  in 
the  repofitories  of  the  mummies.  He  favs  alfo,  that  this 
abou-hannes,  or  Father  John,  is  very  common  on  the  banks 
of  the  Nile;  while  the  bird  reprcfented  by  Buffon  under  the 
name  of  the  white  Egyptian  ibis,  was  never  feen  there  by 
him.  This  abou-hannes  lias  been  inferted  by  Latham,  in  his 
Index  Ornithologicus,  under  the  name  of  Tantalus  JEthio- 
picus ;  but  he  does  not  fpeak  of  the  conjc6lure  of  Bruce  re- 
fpecting  its  identity  with  the  ibis. 

*  Appendix,  Plate  V. 

t  Mufaeum  de  Farncfe,  Vol.  Vf.  Plate  XXVIII,  fig.  6.;  and 
Vol.  II I.  Plate  VI.   fig.  II. 

1  Vol.  V.  p.  172,  Iin^lifh  edition. 
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All  travellers  who  preceded  or  followed  Bruce,  feem  to 
have  been  in  an  error.  Belon  *  gave  the  name  of  black  Ibis 
to  a  bird,  which  is  nothing;  elfe  than  a  black  curlew  with  a 
nak(  il  head,  and  the  feet  and  bill  red  ;  which  does  not  agree 
with  the  defcription  of  Herodotus,  who  fays  that  the  black 
ibis  is  black  all  over. 

This  bird  of  Belon  is  very  common  in  colleAions ;  and  yet 
as  naturalifts  fought  alfo  in  the  black  ibis  a  tantalus  with  a 
(harp  bill,  the  modern  naturalifts  have  almoft  all  f:iid  that 
Belon  alone  had  feen  this  bird.  Lacepede  has  re^lified  this 
error,  and  given  the  name  of  black  ibis  to  the  bird  which 
had  been  diftinguifhed  by  that  name  by  Belon.  In  regard 
to  the  white  ibis,  Belon  believed  it  was  the  dork ;  in  which 
it  is  evident  he  contradicted  every  teftimony  :  no  one,  there- 
fore, lias  coincided  in  opinion  vi'ith  him  in  this  point  except 
the  apothecaries,  who  have  taken  the  llork  for  their  emblem, 
becaufe  they  have  confounded  it  with  the  ibis,  to  which  they 
afcribe  the  invention  of  injections. 

Profper  Alpinus,  who  afcribes  this  invention  to  the  ibis, 
gives  no  defcription  of  the  bird  in  his  work  on  the  Medical 
Art  of  the  Egyptians  f.  In  his  Natural  Hiftory  of  Egypt  ^ 
he  fpeaks  only  from  the  information  of  Herodotus,  to  whofe 
account  he  only  adds,  I  know  not  from  what  authority,  that 
this  bird  in  its  figure  and  fize  refembles  the  ftork.  He  fays 
he  had  learned  that  both  the  black  and  the  w^hite  kinds  wer^ 
found  in  abundance  on  the  banks  of  the  Nile;  but  it  is  evi- 
dent that  he  did  not  believe  that  he  had  ever  feen  any  of  them. 
Shaw,  fpeaking  of  the  ibis,  favs§  that  at  prefent  it  is  ex- 
ceedingly rare,  and  that  he  had  never  feen  it.  His  emfeefly, 
or  ox-bird,  which  Gmelin,  very  improperly,  refers  to  the 
tantalus  ibis,  is  of  the  fize  of  the  curlew,  has  a  white  body, 
and  the  feet  and  bill  red.  It  frequents  the  meadows  near 
cattle;  its  flefli  is  not  well  tailed,  and  foon  fpoils.  It  may 
be  eafily  feen  that  this  is  not  the  tantalus,  and  ftill  lefs  the 
ibis,  of  the  antients. 

'    De  la  Nature  des  Oifeaux,  Book  IV.  chap.  9,  of  the  edition  of  1555, 
t   De  Medicina  -(Egyptiorum,  Lib.  I.  fol.  i.  Paris,  1646. 
X  Rerum  Egypt.  Lib.  IV.  cap.  i.  Leydcn,  1735- 
§  Page  255,  Emfceffv  ox-bird 

K  2  HalTelquift 
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Haflelquift  was  acquainted  neither  with  the  white  nor  the 
black  ibis :  his  ardea  ibis,  is  a  fmall  heron  with  a  ftraight 
bill.  Linnaeus,  in  his  tenth  edition,  placed  it,  very  pro- 
perly, among  the  herons ;  but  he  was  wrong,  as  I  have  al- 
ready faid,  in  tranfporting  it  as  a  fynonym  of  the  genus  of 
the  tantalus. 

Maillet,  in  his  Defcription  of  Egypt*,  conjecSlures  that 
the  ibis  may  have' been  a  bird  peculiar  to  Egypt,  which  is 
called  there  Pharaoh's  capon,  and  at  Aleppo,  faphanhacha. 
It  devours  ferpents.  Sonic  of  thefe  birds  are  white,  and  fome 
black  and  white,  and  it  follows,  more  tlian  a  hundred 
leagues,  the  caravans  which  go  from  Cairo  to  Mecca,  in 
order  that  it  may  feed  on  the  carcafcs  of  the  animals  killed 
in  the  courfe  of  the  journey,  while  in  every  other  feafon  none 
of  them  are  feen  on  that  route.  But  he  does  not  confider 
this  conje6lure  as  certain.  lie  even  favs  that  we  muft  give 
over  attempting  to  underftand  the  anticnts  when  they  fpeak 
in  fuch  a  manner  as  if  they  had  wifhcd  not  to  be  undcrftood  ; 
and  he  concludes  with  obferving  that  the  antients  perhaps 
comprehended,  indifcriminatcly,  xmder  the  name  of  this,  all 
the  birds  which  were  ferviceable  to  Egypt  in  freeing  it  from 
thofe  dangerous  reptiles  which  the  climate  produces  in 
abundance,  fuch  as  the  vulture,  falcon,  ftork,  kite,  &c. 

He  was  right  in  not  conlidering  his  Pharaoh's  capon  as 
the  ibis;  for,  though  his  defcription  be  very  imperfe6l,  and 
though  Buffon  thought  he  could  diftinguifli  in  it  the  ibis,  it 
may  be  readily  feen,  as  well  as  by  what  Pococke  fays,  that 
this  bird  muft  be  carnivorous;  and,  indeed,  we  find  by  the 
figure  which  Bruce  has  given  f?  that  Pharaoh's  capon  is 
jiothing  elfe  than  the  rachama,  or  fn:iall  white  vulture  v.ith 
h\^c\i  \v\r\g?>,  vuhur  percnoptcruSfUvcin.^  a  bird  exceedingly 
different  from  that  we  have  proved  to  be  the  ibis. 

"Pococke  fays  that  it  appears,  by  the  defcriptions  given  of 
the  ibis,  and  by  the  figures  of  it  found  in  the  temples  of 
Upper  Egypt,  that  it  is  a  kind  of  crane.  *'  I  have  feen," 
adds  he,  *'  a  number  of  thefe  birds  in  tlie  iflands  of  the 
^ile;  they  were,  for  the  moft  part,  grayifli  J."     Thefe  few 

»  Part  JJ.    p.  23.  \  Vol.  V.  p.  im. 

'^  Fiencii  irariilarion  of  his  TTi'ivcU,   izmo.  Vol.  II.  p.  53. 
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words  are  fufficicnt  to  prove  that  he  was  nu  better  acquainted 
with  the  ibis  than  others. 

The  error  which  prevails  at  prefent  in  regard  to  the  white 
ibis,  began  with  Perrault ;  who  is  even  the  firft  perfon  who 
defcribed  the  tantakis  ibis  of  the  prelVnt  time.  This  error, 
adopted  by  Briflbn  atid  BufFon,  has  palled  into  the  twelfth 
edition  of  Linnieus,  where  it  is  coii founded  with  that  of 
HaiTelquid,  which  had  been  inferted  in  the  tenth,  to  form 
with  it  a  compound  altogether  monftroiis.  It  was  founded 
on  the  very  natural  idea,  that  to  devour  icrpents,  a  (liarp  bill, 
more  or  lefs  analogous  to  that  of  the  flork  or  heron,  was  ne- 
ceflary.  This  idra  is  even  the  oniy  good  objeftion  that  can 
be  iiiade  againll  the  identity  of  oiu-  bird  and  the  ibis;  for  it 
may  be  Aiid,  How  can  a  bird  wilh  a  weak  bill,  fuch  as  the 
curlew,  be  able  to  devour  thcfe  dangerous  ferpents? 

But,  befides  that  a  reafon  of  this  kind  cannot  hold  out 
againft  pofitive  proofs,  fuch  as  dtfcriiJtions,  figures,  and 
mummies ;  befides  that  the  ferpents  from  which  the  ibis 
delivered  Egypt  w'ere  accounted  cxcecdingly'venomous,  but 
not  as  of  a  large  fize ;  I  could  anfwer  direftly,  that  the 
mummified  birds,  which  had  a  bill  abfolutely  fimilar  to  that 
of  our  bird,  were  real  dcvourers  of  ferpents;  for  I  found  in 
one  of  their  mummies  the  undigeUcd  remains  of  the  fkin 
and  fcales  of  ferpents,  which  I  prefentcd  to  the  Clafs.  This 
deflroys  the  objetStion  that  might  be  drawn  from  a  paflage  of 
Cicero,  where  he  gives  to  the  ibis  a  corneous  and  ftrong" 
bill :  having  never  been  in  Egypt,  he  imagined,  from  fimple 
analogy,  that  this  mufl  be  really  the  cafe.  Our  European 
curlew,  which  has  a  bill  ftill  weaker  than  the  ibis,  devours 
eels,  as  I  have  been  alTured  by  an  eye-witnefs. 

I  fhall  conclude  this  memoir  with  announcing  the  refults. 
The  tantalus  ibis  of  Linnaeus  mufl  remain  a  feparate  genus 
widi  the  tantalus  locuiator.  Their  charafter  will  be  rojlruvi 
validuvi  arcuatum,  apice  cmarginatum. 

The  other  tantalus  of  the  laft  editions  ought  to  form  a 
genus  with  the  common  curlew.  We  may  give  them  the 
name  ol  numenius.  Their  charafter  will  be,  rrjlriwi  gracilc, 
arcuatum,  apice  hiflatum. 

The  ibis  of  the  antients  is  not  the  ibis  of  Perrault  and 

Buffon, 
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Buffoii,  which  is  a  tantaUis;  nor  the  ibis  of  Haflelquift, 
which  is  an  ardea ;  nor  that  of  Maillet,  which  is  a  vulture; 
but  a  7iumenius  or  curlew,  which  has  not  yet  been  named  by 
fyftematic  authors,  and  of  which  Bruce  has  given  a  figure 
under  the  name  of  the  alou-hanyies.  I  call  it  vumenim  ibis, 
a!bus,  capite  st  collo  ?i?iMs,  remigibus  pennis  uropjgii  elonga- 
tis,  rojlro  et  pedibus  nigris. 

The  tantalus  ibis  of  Linnaeus,  in  the  prefent  flate  of  his 
fynonymy,  comprehends  four  fpecies,  of  three  different 
eenera : 

o 

A  tantalus,  the  ibis  of  Perrault  and  Buffon; 

An  ardea,  the  ibis  of  Halfelquift  j 

Two  numenii,  the  ibis  of  Belon ; 

And  the  ox-bird  of  Shaw, 
The  reader  may  judge  by  this  inftance,  and  many  others, 
of  the  ftate  in  which  the  Syjlema  Nature  ftill  remains,  and 
of  what  importance  it  would  be  to  free  it  gradually  from 
thofe  errors  with  which  it  abounds,  and  with  which  natu- 
ralifts  feem  to  load  it  ftill  more,  by  accumulating,  without 
choice  and  proper  examination,  fpccies,  characters,  and  fy- 
nonyms. 


IX.   A  brief  Examination  of  the  received  DoBrines  refpeBing 
Heat  or  Caloric.     By  Alexander  Tilloch.     "Read 

before  the  Afkefian  Society^  December  1799  *. 
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O  detail  the  various  theories  maintained  at  different  pe- 
riods, and  applied  to  explain  the  phenomena  to  which  heat 
gives  rife  in  the  numerous  changes  prcfented  by  Nature  iii 
chemical  combinations  and  decompofitions,  would  be  taking 
up  the  time  of  this  Society  unnecciTarliv,  as  every  member 
muft  be  well  acquainted  with  them.  I  (liall  therefore  confine 
riyfelf  to  the  modern  doctrines  on  thil  fubjeft;  and  even 
with  thefe  I  fhall  be  brief,  as  my  chief  objeft  is,  to  inquire. 
Whether  none  of  the  circumftanccs  that  accompany  the 
known  fafts  in  this  department  of  phvfics  (fuch  of  them,  I 
mean,  as  the  limits  I  have  prefcribed  to  the  prefent  effay  will 
*  For  a  fliort  account  of  this  Society,  fee  Note,  p.  3^3,  Vol.  VII. 
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allow  me  to  notice)  have  been  overlooked  ?  and  whether,  If 
all  of  them  had  been  attended  to,  and  the  legitimate  inferences 
been  drawn  from  them,  the  theory  now  generally  received 
would  ever  have  been  admitted  into  fcience  ? 

The  ground  I  am  about  to  take  may  perhaps  expofe  me  to 
the  danger  of  being  confidered  as  an  innovator,  or,  what  may 
be  deemed  worfe  by  fome,  a  fceptic  as  to  certain  opinions, 
rendered  refpe<Slable  by  the  great  names  that  have  embracetl 
and  maintained  ihem  ;  and  at  the  fame  time  extremely  plau- 
fible  from  the  apparent  facility  with  which  they  are  applied 
to  explain  many  phenomena  that  daily  prefent  themfelves  to 
the  eye  of  every  attentive  obferver.  My  only  anlwer  is,  that 
I  am  in  fearch  of  truth  j  and  fo  decided  an  enemy  to  mere 
theoretical  fpeculations,  that  I  neither  admit  myfelf,  nor  wifli 
others  to  admit  in  phvfics  what  cannot  be  proved  to  be  truth. 
When  the  human  mind  acquiefces  on  any  ground  fliort  of 
this,  it  is  either  through  mifconcaption,  indolence,  or  pufil- 
lanimity,  than  which  nothing  has  tended  more  to  retard 
fcience  and  (hackle  men  with  prejudices,  leading  thcni  to 
receive  great  names  for  argument,  and,  for  demonftration, 
long  quotations.  But,  to  proceed,  I  ufe  the  term  beat  to 
denote  that  fubdance  which  pofTelfes  thofe  properties,  is  go- 
verned by  thofe  laws,  and  produces  thofe  effects  which  iliall 
be  immediately  enumerated ;  and  I  prefer  it  to  the  term 
caloric*  for  no  other  reafon  but  becaufe  the  latter  is  cm- 
ployed  bv  many  to  denote  heat  exilting  in  a  certain  flate,  in 
which,  they  fay,  it  may  be  confidered  as  having  actually  loft 
its  original  charpfter  :  whereas  I  hold,  and  I  even  hope  to 
convince  the  members  of  this  Society,  that  it  invariably  re- 
tains the  fame  chara(!:ter,  properties,  and  mode  of  a6lion. 

*  The  term  caloric  has  been  adopted  in  the  new  nomenclature  to  avoid 
that  aoibiguiiy  and  inifconception  which  might,  it  is  faid,  arife  from  em- 
ploying the  lame  term  to  exprefs  a  fubftancc,  and  the  fenfation  produced 
by  the  atflion  of  that  fubftancc.  By  the  fame  mode  of  reafoning,  all  the 
jiilJinnti'Vfs  ftiould  be  changed  in  anv  language  that  has  fimilar  verts. 
But  fuppofe  the  argument  for  change,  in  the  prefent  inftance,  to  have  full 
force  in  fom<;  languages,  it  has  little  or  none  in  regard  to  the  Englifh, 
which  employs  the  word  •marmtb  to  exprefs  the  fenfation  occafidned  by 
beat.     I  (hall,  however,  ufe  the  terms  heat  and  caloric  indiiFerently. 

(A)  Heat 
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(A)  Heat  is  diffufcd  through  all  the  bodies  in  nature  J 
whether  i'olids,  liquids,  or  aeriform  fluids. 

,(B)  Heat  tends  to  an  equilibrium  ;  fo  that,  when  by  any 
means  it  is  accumulated  in  particular  fubftances,  a  portion  is 
quickly  given  otT  to  the  lurrounding  bodies  to  bring  the  whole 
to  one  common  temperature.  On  the  other  hand,  where 
bodies  have  been  deprived  of  a  portion  of  it,  heat  is  given  ofi' 
to  them  by,  or  heat  patles  to  them  from,  the  furrounding 
bodies,  to  reftore  the  equilibrium. 

(C)  Solids,  bv  the  addition  of  heat,  alTume  the  forra  oi 
liquids,  and  liquids  the  aeriform  ftate.  On  the  other  hand, 
gafes,  by  an  abllradlion  of  heat,  become  liquids 5  and  liquids, 
folids. 

(D)  The  dimenfions  of  bodies  are  enlarged  when  heat  is 
poured  into  them,  and  vice  verfa. 

The  laws  we  have  enumerated  are  general,  and  the  objec- 
tions that  may  be  dated  again  ft  the  truth  of  any  of  them  fo 
.  few,  and  fo  eafdy  obviated,  that  they  cannot  affeft  any  in- 
ference drawn  from  them.  The  apparent  exceptions  relate 
chiefly  to  the  change  of  volume  in  fome  particular  fubftances 
when  pafling  from  the  liquid  to  the  folid  form,  or  the  con- 
trary. Water,  for  inftance,  in  pafling  into  the  fl:ate  of  ice, 
afl'umes  a  larger  volume,  though  heat  is  then  pafling  out  of 
it.  The  fubftanee,  however,  is  only  apparently  enlarged. 
In  freezing,  the  water  affumes  a  cryftalline  form;  the  eryf- 
tals,  fliooting  in  every  direction,  crowd  againfl:,  and,  as  it 
were,  joftle  each  other,  cauung  vacuities,  which  conditute 
no  real  part  of  the  matter.  We  may  compare  this  pheno- 
menon to  what  la'kes  place  in  a  bundle  of  chips  of  wood, 
■which  will  always,  however  clofely  packed,  occupy  an  ap- 
parently larger  fpace  than  the  fame  weight  of  ligneous  matter 
as  arranged  by  nature  in  the  tree.  Another  apparent  excep- 
tion may  be  noticed  in  elav,  which  diminiflies  the  more  in 
bulk  the  greater  the  quantity  of  heat  poured  into  it :  but  here 
there  is  a  mifnomer — it  is  not  elav,  but  a  mixli/re  of  clay  arid 
iLuiter  that  is  diminiflied  in  bulk.  The  water  is  driven  oft  ; 
and,  where  there  is  a  diminution  of  matter,  a  reduction  of 
Volume  muft  follow.     Clay  is  therefore  not  an  exception  to 
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tlie  general  la»v — drive  all  the  water  out  of  it,  that  is,   con- 
rert  it  into  olafs,  and  it  then  obeys  the  general  law. 

We  fnall  tirft  attend  a  Imle  to  the  oi'cration  of  the  forc- 
jroinn;  laws  in  fonie  jriven  cafes  ;  and  afterwards  examine 
the  doftrincs  which  have  been  ellabliihcd  from  the'phcno- 
niena  oi)rcrved  to  accompany  them: 

If  two  bodies  of  the  fame  nature,  unequally  heated,  be 
brought  into  contact:,  the  heat  will  diiiufc  itfclf  equally 
through  them,  and  the  quantities  in  each  will  bear  the 
fame  proporiion  to  each  other  as  the  malTes  themfelvcs;  but, 
if  the  bodies  differ  in  kind,  though  equilibrium  take  place, 
and  each  indicate  the  fame  temperature,  yet  the  proportions 
of  heat  in  each  will  not  be  as  the  mafics,  but  vary  according 
as  the  bodies  ditfer. 

(E)  This  property  of  bodies  to  hold  different  quantities  of 
heat,  even  when  that  fluid  is  in  a  ftaLe  of  equilibrium.  Dr. 
Black  calls  the  capacitj'  of  a  body  for  heat ;  the  quantity  itfelf 
he  calls  fpectfic  heat.  The  diIlin6tion  is  perfectly  philofo- 
phical,  nor  need  the  terms  be  obje6ted  to ;  but  they  fnould  be 
accurately  defined,  that  they  may  never  be  employed  to  convey 
ideas  different  from  the  facts  tiiat  gave  rife  to  their  adoption.  J 

That  the  fenfe  in  which  we  underitand  and  ufe  the  terms 
may  be  clearly  conceived,  we  fliall  fubftitute  another  fub- 
ftance  for  heat,  all  other  circumftances  being  as  before.  If 
two  fubltances  of  the  fame  kind  (two  pieces  of  chalk),  un- 
equally weUed  with  water,  be  brought  into  contact,  the  one 
will  give  off  water  to  the  other  (or  the  one  will  ablorb  water 
from  the  other)  till  the  riuantily  in  each  be  as  tberr  mafjes. 
If  two  bodies  different  in  kind  (chalk  and  wood)  be  thrown 
into  water,  the  quantity  they  will  each  take  in  will  be  as 
their  eapjcities :  this  will  alfo  be  the  cafe  if,  inflead  of 
throwing  them  into  water,  we  fufpend  both  in  the  fame 
damp  atmofphere;  and  the  quantity  in  each,  whether  re- 
ceived by  immerfion  in  water  or  in  the  atmofphere,  is  fpe- 
afic.  The  latter  term  muit  be  thus  confidered,  otherwife 
we  fliall  lead  ourfelves  into  error;  for  there  is  at  lealt  as 
great  a  difference  between  the  extremes  of  the  general  tem- 
perature in  fummer  and  in  winter  as  there  is  between  a 
moilt,  and  a  comparatively  drv  (but  )  cl  iiioi(i)  atmofphere. 
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Some  philofophers  tell  us  that  fbe  caufe  of  this  pheno- 
menon of  different  bodies  rcquirino-  difterent  quantities  of  ca- 
loric to  indicate  the  fame  temperature  (or,  in  other  words, 
the  caufe  of  their  having  different  capacities  for  heat)  arifes 
from  the  different  deorees  of  affinitv  wliich  different  bodies 
poiTcfs  for  heat !  Is  this  an  explanation  ? — Different  bodies 
hold  different  quantities  of  heat,  hccanfe  they  have  different 
capacities  :  —  'D\'^^x^vX  bodies  hold  different  quantities  of  heat, 
hecaufe  they  have  d'ffcrent  ajjimlles  ! — yet  wc  are  to  conlider 
the  one  term  as  cxpreflive  of  a  property,  and  the  other  as 
expreffive  of  the  co-'fe  of  Uiat  property  !  Is  this  confident 
with  tiiat  accural .  and  precifion  which  fliould  prevail  in 
the  language  of  fcience  ? 

But  this  is  not  aril.  Heat  is  confidered  as  exifling:  in  two 
diflincl  dates  ;  free,  and  in  chemical  union.  When  heat 
is  in  equilibrio  in  anv  place;  in  other  words,  when  a  body 
is  in  equilibrio  with  the  bodies  which  furround  it  with  re- 
fpc6l  to  its  heat  [that  is,  has  received  heat  from  the  common 
fiock  proportioned  to  its  capacity]  ;  that  quantity  which  it 
contains  is  termed  latent  heal  ox  caloric,  covilincd  caloric \ 
heat  In  chemical  union.  We  are  told  that  in  this  ftate  it 
is  not  perceptible  bv  anv  external'  fign  or  organ  of  fenfc  ; 
that  it  does  not  affect  the  thermometer,  but  remains  qui- 
efcent  in  thofe  bodies  of  which  it  conftilufcs  a  principle; 
and  that  it  is  then,  more  or  lefs,  in  a  ftate  of  confinement. 

Is  the  heat  in  any  body  termed  latent  becaufe  the  body 
has  not  a  capacity  to  receive  more?  No;  for  if,  by  any 
means,  an  addition  be  made  to  the  common  dock  of  a  pre- 
fcribed  fvffcm  of  bodies,  each  individual  fubfiance  will  dill 
provide  lodging  for  a  fhare  of  the  added  quantity,  propor- 
tioned to  its  capacity,  in  relation  to  the  capacity  of  the  reft. 
It  fhould  be  obferved  too,  that,  let  the  common  temperature 
be  what  it  may,  if  heat  be  in  ec^uilibrio,  the  portion  in 
each  body  is,  by  fome  at  leaft,  held  to  be  latent,  in  contra- 
dirtinclion  to  what  they  term  free  heat.  Hence  it  follows, 
that  the  quantity  of  latent  heat  in  a  given  body  differs  in 
different  feafons  of  the  year  ;  for  heat  may  be  in  equilibrio 
in  any  fydem  of  bodies  in  fummer  as  well  as  in  winter.  Axx 
pflembbige  of  different  bodies,  in  equilibrio  as  to  caloric,  in 
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.^^ma^ca,  the  quantitv  in  the  whole  is  latent,  and  in  rach 
fpecific  and  latent:  the  fame  holds  with  regard  to  a  f^rtem 
of  fubftances  in  England  in  the  month  of  January.  The 
heat  ii\  both  cafes  is  latent.  If  the  one  fyftem  of  bodies 
co'jld  be  tranfported  to  the  other  in  a  moment,  and  placed 
in  contact  with  it,  a  portion  of  that  heat  wliich  was  latejit 
in  Jamaica,  would  be  counted  fcnjthle  heat  in  London  ! 
This  is  exactly  where  the  dodlrine  lands  i:s  when  viewed  gene- 
rally ;  and  yet  we  are  to  confider  heat  as  having  two  di[lin£t 
modes  of  exiftence  !     But  let  us  take  a  clofer  view  of  it: 

AV^hen  by  the  pafiing  of  a  folid  bodv  into  a  fluid  form 
the  furrounding  atmofphere  is  found  to  have  loft  heat,  this 
heat,  they  fay,  has  not  been  riierely  abforbed  by  the  fub- 
ftance  that  has  become  fluid,  but  has  become  latent  in  it. 
When  a  liquid  pafi'es  into  the  aeriform  ftate,  the  fame  phe- 
nomenon accompanies  the  change,  and  alfo  the  fiinie  af- 
fertion ;  and  the  doctrine  is  meant  to  convey  the  idea  that 
heat  has  not  only  been  changing  its  place,  but  has  itfelf 
undergone  a  change  as  to  its  liate,  its  properties,  and  mode 
of  action. 

It  is  a  generally  received  a.x'om^  that  no  more  caufes 
fliould  be  admitted  in  phyfics  than  what  are  true  and  fufS- 
cient  to  account  tor  the  phenomena.  Let  us  inquire  whe- 
ther this  axiom  be  not  violated  in  the  cafes  ftatcd,  when  re- 
courfe  is  had  to  the  doitrine  of  latent,  as  diftinguiflied  from 
free,  heat,  to  afllilt  in  explaining  the  phenomena. 

The  dimenfions  of  bodies  are  enlarged  when  heat  is 
poured  into  them  (D).  The  primitive  moleculas  (indepen* 
dent  of  the  heat)  of  which  the  bodies  are  formed,  are  forced 
farther  from  each  other  bv  the  interpofed  matter  of  heat. 
Continue  the  aAion  of  the  fame  caufe,  their  cohefion  will 
be  deftroyed  entirely  (C),  and  they  will  be  diffufed  through 
the  predominating  fubftance  (heat),  as  the  particles  of  fa- 
line  fubftances  difitife  themfelves  through  water  when  dif- 
folvecl  in  that  liquid.  In  the  cafe  juft  put  for  iliuftration,  who 
ever  fuppofcs  the  water  to  have  undergone  any  chang^e  as  to 
its  elTence  or  properties,  whether  directly  poured  upon  the 
fallne  fubftance  or  furniihed  to  it  by  the  atmofphere. 

In  chemical  combinations  it  is  admitted  that  we  cannot, 
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a  priori,  determine  the  properties  of  the  compound  from  it- 
previous  knowledge  of  ihofe  of  the  ingredients.  Every  fubftancc 
has,  for  one  of  its  properties,  a  capacitj  for  heat.  If  two 
be  united  chemically,  the  capacity  of  the  compound  for  heat 
may  not  be  that  of  the  fum  of  the  capacities  of  the  ingre- 
dients for  the  fame  fubftancc.  Indeed  it  feldom  or  never 
turns  out  fo.  If  by  any  procefs  then  we  cha-nge  the  capa- 
city of  two  or  more  bodies  ;  or,  by  uniting  them,  produce  a 
third,  whofe  capacity  for  heat  is  greater  than  the  fum  of 
that  of  the  ingredients,  this  new  compound  mult  demand 
from  the  common  ftock  of  heat  difi'ufed  through  the  atmo- 
fphere  and  other  neighbouring  fubftances  (A)  an  addiiional 
portion.  Is  there  any  thing  in  all  this  to  lead  us  to  the  no- 
tion that  the  paffage  of  heat  from  the  atmofphere,  or  other 
contiguous  bodies,  into  the  new  compound.,  is  the  operation 
of  an-y  other  than  the  general  law  by  which  heat  tends  to  an 
equilibrium  among  all  the  bodies  in  a  fyflem  (B),  and  dif- 
Fufcs  itfclf  among  them  in  proportion  to  their  capacities  for 
Jieat  (E)  ?  Is  not  the  operation  of  thefe  laws  fufficient  to 
explain  the  phenomena  without  the  aid  of  any  others  ? 

But,  befides,  is  it  not  a  general  fa6l,  in  all  cafes  where  a 
capacity  for  a  greater  quantity  of  heat  is  produced  in  a  com- 
pouiid  than  the  fum  of  the  canacities  of  the  ingredients, 
that  the  fum  of  the  volume  of  the  compound  is  greater  than 
that  of  the  ingredients  ?  And  is  it  not  equally  true,  that, 
ahen  ingredients,  before  in  miion,  sre  found,  on  being  fe- 
iparated,  to  ha\^  acquired  capacities  for  beat,  whofe  fum 
is  greater  than  was  that  of  the  body  ire  which  the  ingredients 
tvere  united,  the  fum  of  the  volume  of  the  ingredients 
i's  greater  than  the  volume  of  the  compound  was  *  ?  Can  it 
be  correft  to  fay  that  it  neither  alFeiSls  our  fenfes,  nor  is  cog- 
jiifable  by  any  external  fign  !  when  we  can  fee  with  our 
^-ves  ks  effe<St;  in  the  increafe  it  has  made  in  the  volume  of 

■  At  the  moment  of  writing  I -do  not  rccolleft  a  fingic  exception. 
In  cafes  where  cryftailifation  is  concerned  there  n\^j  be  feme  apparent 
cni  ;,  ns  in  the  cafe  of  water  anJ  ice  ;  hut  theft-  will-  not  aflcff  my  argu- 
nuiu.  '  It  is  enough  for  n^iC  that  //;<?  ejfdi  holds  generally  in  the  cafe? 
i'«  which  the  doftrinc  of  -larent  heat  is  apphed — cni  cffcfl  perFtftly  con- 
''.■•^iTKiWe  to-  the  general  lav/  (D),  and  alfo  crgnifulle  l>y  uurjci:fcs- 
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the  compound  fubltance  before  us ;  or  in  the  fiim  of  the 
nuifll's  of  two  or  r.iore  fubftances  over  that  of  the  compound 
trom  which  tlsey  were  feparalcd  ? 

Again — When  gafes  pafs  into  the  form  of  hquidsj  or  li- 
quids into  the  foiid  Itatc,  heat  is  found  to  pafs  from  them 
into  the  atmofpherc,  ^-  the  heat  that  was  latent  in  tliem 
before  now  becomes  fenfible."  Was  it  not  cognif'ahle  be- 
fore ?  It  ought  not  to  htive  been  fo  when  latent.  I  find, 
however,  thai  the  volume  of  ihiC  body  from  uhich  it  has 
been  feparatcd  is  now  I fjs  than  before;  and  this  is  exactly 
what  ought  to  take  place  from  the  general  laws,  not  only  of 
heat  but  of  matter — a  fubftancc,  heat,  has  been  feparated  from 
a  body-  in  which  it  formed  a  part  of  the  n:!afo  or  volume, 
and  the  remaining  mafs  is  diminiflied  in  bulk. 

Let  us,  however,  alter  the  mode  of  exprefiion.  A  body, 
no  matter  by  what  means,  is  reduced  into  a  lefs  vo* 
lume  :  it  is  fo  conftilutod  as  to  admit  of  tliis  efie6t  being 
pafied  upon  it;  for  one  of  its  iniircdients,  heat,  is  a  fubtile 
fluid  which  may  be  diflodged  ;  nay,  will  even  run  out,  whea 
the  capacity  of  the  b<xlv  which  held  it  is  leflcned.  It  is 
no  way  firange,  in  this  cafe,  that  a  fluid  poured  out  of  i*s 
recipient,  and  which,  bv  its  tcndencv  to  cquiubrium,  mufs 
diffufe  itfelf  through  the  furrounding  bodies  in  proportion  to 
their  cupacirics  to  receive  it,  fnould  make  itfelf  manifeit  to 
our  {cnlc  of  fcciiug,  v\e  being  immerfcd  at  the  monient  in 
one  of  the  neighbouring  fubftances,  the  atmofphcre,  which 
aflbrds  a  lodging  for  a  portion  of  the  uidodg;  d  heat,  and 
ftrves  to  tranfport  other  portions  of  it  to  all  the  neighbouring 
bodies.  Nor  is  it  (irange  that  a  fubltance  Vv'hich,  while  it 
formed  an  ingredient  in  the  Ijodv  from  which  it  has  bceti 
removed,  constituted  ailb  a  part  of  its  vol-Linie,  (hould,  when  it 
pafl'cs  into  another  bod\-,  mercurv  in  a  glafs  tube,  caufe  an 
increafe  in  its  volume  proportioned  to  the  quantity  that  has 
paHl'd  in. 

It  condituted  fetijibh  hulk  in  the  iirft  i:ociy,  and  was  lafcni 
hc^al;  it  conilitutes  fciijihlc  bulk  in  tl:e  i'econd  body  alfo, 
but  there  it  \^  fenjihlc  hcaill  Is  there  no  abfurdiiy  in  all  this? 

Heat  in  thofe  combinations,  in  which  the  term  latent  is 
employed,    not  cognifable  by  our  fenfes  !     Is  it  not  obvious 
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from  the  preceding  ftatemcni  that  this  is  a  miftake  ?  Bc^ 
fore  the  heat  palled  out  of  its  then  combination  it  made  a 
part  of  the  vokime  which  we  contemplated  with  our  eyes^ 
and  the  proportion  that  this  part  bore  to  the  whole  might, 
in  many  cafes,  be  determined  by  adlual  meafurement.  Is 
fenfible  heat,  or  rather  heat  in  fuch  combinations  as  it  is  in 
when  that  term  is  ufed,   cogMilable  by  any  other  means  ? 

To  me  it  would  appear  as  correct,  v.  hen,  by  any  powerj 
the  capacity  of  a  vclTel  filled  with  a  liquid  (water)  is  dimi- 
niftied,  to  fay  that  the  portion  of  liquid  thereby  cjet^led  is 
fet  at  liberty ;  meaning  thereby  that  it  has  undergone  an 
eflential  change  as  to  its  form,  properties,  or  mode  of  ex- 
iftence  ;  as  to  fay,  when  the  volume  of  a  fubftance  contain- 
ing heat  is  abridged,  and  a  proportionate  quantity  of  the 
heat  is  diflodged,  that  the  heat,  fo  diflodged,  has  undergone 
any  fuch  change. 

The  fa6l  in  mv  opinion  Is,  the  fubftance  In  which  the 
caloric  refided  has  undergone  the  change,  where  there  is  a 
change  ;  not  the  heat :  or,  if  it  be  changed,  the  change  is 
of  that  kind  which  pafies  upon  a  brick  or  any  other  body 
when  we  move  it  from  one  room  to  another.  This,  I  think, 
niuft  be  prettv  clear  from  what  we  have  already  ftated  ;  but 
I  hope  to  make  it  ftillniorefo  by  examining  a  particular 
cafe  or  two  which  have  been  made  to  ferve  ior  a  foundation, 
as  it  were,  for  the  doctrine  v.  hich  I  oppofe. 
[To  be  continued.] 
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HIS  treatife  is  by  the  author  of  the  Ohfervations  on  the 
Injlexlons  of  high t,  of  which  a  fhort  account  was  given  in 
the  Philofophical  Magazine  for  September.  In  making 
thefe  obfervationSj  that  ingenious  genllemaii  perceived  that 
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a  rav  of  white  light,  pnfling  between  angular  furfaces,  fiich 
as  the  aliiHul  meeting  edges  of  two  knives,  was  liable  to  be 
parted  by  its  bcr.diL^s,  reparations,  and  other  changes,  into 
thofe  differently  coloured  ravs,  which  had  been  fuppofed  by 
Newton  to  be  the  prinio-ienial  elements  of  pure  white  light. 
This  obfervation  is  here  applied  to  explain  the  formation  of 
thofe  irUcs  or  coron/T,  ccn/ijiing  of  many- coloured  circles,  which 
are  feen  c()nt!guo\i=  to  the  bodies  of  the  fun,  moon,  &c. 

The  order  of  the  colours  in  thefc  coronce  is  as  follows  i 
I.  Next  to  the  body  of  the  luminary  a  circle  of  grayifh 
black,  grayifli  blue,  or  faint  diluted  white,  alterino-  as  it 
recedes  into — 2.  A  ftroufrlucid  while  of  confidcrable  breadth, 
3.  Slender  rings  of  yellow  and  red.  4.  A  fucceffion  of  rings 
of  violet,  blue,"  green,  yellow,  red.  5.  Green,  diluted  yel- 
low, red  ;  diluted  green,  diluted  red.  This  is  the  commoa 
order ;  but  it  is  occafionally  varied  by  flight  irregularities. 

Newton  has  made  the  onlv  plaufible  attempt  to  account 
for  thefe  appearances.  He  fuppofes  them  to  be  produced 
by  the  rays  of  light  falling  upon  globules  of  water,  hail,  or 
ice.  He  affuines  that  e;lobules  of  ice  or  hail  ma^',  or  ac- 
tually do,  exill  in  fituations  in  the  atniofpherc  in  which  thev 
can  receive  the  ravs,  fo  as  to  produce  that  analvfis  of  the 
white  light,  'd^nCi  thatdiftribution  of  the  coloured  ravs  which 
thefe  coronae  exhibit.  He  conjectures  that  thefe  coronse  in 
the  atmofphere,  furroundlng  the  fun  or  moon,  may  be 
produced  m  the  fame  manner  in  which  a  miniature  ap- 
pearance fomewhat  (imilar  is  occaiibned  by  the  reflexion  of 
)ight  from  a  lens  quickfilvered  on  the  back-fide. 

But  we  do  not  know  particles  of  hail  or  ice  alwavs  to  exlft 
in  the  atmofphere  when  thefe  many-coloured  iridcs  or  co- 
ronne  appear.  The  ordinary  refraction  of  direct  light,  in  its 
palTage  through  globules  of  liquid  water,  could  not  produce 
thefe  appearances.  Newton's  theory,  though  ail  that  he 
poftulatcs  were  granted,  would  not  explain  that  particular 
dlftribution  of  thefe  colours  in  the  coron2e,hy  which  intervals 
or  vacant  fpaces  are  left  between  the  dilferent  portions  of  the 
red  and  of  the  other  colours.  The  iri?,  from  a  globule  of 
cryfial  having  quickfilver  on  its  further  tide,  is,  according  to 
Newton,  produced,  not  by  the  reflexion  of  the  main  ceam  of 

lights 
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Jight,  hni  hy  ^  faint  /igbt  irregularly  fcaltcrcd  in  every  di- 
rcclion  ironi  that  beam  :  and  a  light  fo  faint  would  fcarc^ly 
be  e(]ual  to  the  produO-lion  of  the  many-coloured  irides  round 
the  fun,  moon,  <^c.  in  the  circmnflanccs  in  which  thefe  ap- 
pear; nor,  indeed,  could  the  globules  of  water  iall  under  any 
light  fo  faiut,  where  the  main  beam  to  which  they  are  ex- 
pofcd  is  broader  than  their  whole  furfaces. 

On  the  other  hand,  the  author  of  this  effay  has  obferved 
that  the  arra?igt:ment  of  the  colours  and  orders  of  colours  in 
the  njanv-coloured  irides  of  which  he  treats,  is  not  only  im- 
poiTible  by  any  refraclion  that  can  be  fupnofed  ;  but  is  per~ 
Jedly  the  fame  ivith  the  arrangement  of  the  colours  in  the  tivo 
fets  of  fringes  into  which  a  ray  of  white  ^ig^ij  admitted  inte 
a  dark  chamber,  and  made  to  pafs  hclzueen  two  parallel  edges, 
is  naturally  dli-':ded.  Each  of  thefe  two  fets  of  fringes,  if 
taken  outward  from  the  central  line,  exhibits  precifely  the 
fame  arrangement  of  colours,  as  does  the  foiar  irjs  taken 
from  its  interior  to  its  exterior  extremity.  He  therefore 
conckides  that,  in  the  formation  of  the  niany-coloured  irides, 
[he  fun's  irradiation,  pi{fp-ng  bet'iveen  the  edgis  of  contiguous 
drops  of  water  in  the  ctmofpbere,  is,  by  the  infecllng  attrac- 
tion lublch  thefe  exercife.  upon  it,  fcparated  into  two  fets  cf 
fringes,  which  fringes  conjiltute  the  irides,  ha-ving  the  body 
cf  the  fun  for  their  central  line.    This  is  the  author's  theory. 

It  is  at  leafl:  admirably  ingenious  ;  more  fimple  and  plau- 
fible  than  that  which  it  ftrives  to  (urperfcde;  and  founded 
upon  a  better  induction  of  unqucftionable  facls.  We  fliould 
hope  that  the  general  difcuflion  of  phiiofophers  muft  finallv 
eftablid)  it  as  fcicntific  triuh.  The  ei]ay  is  ckgantlv  and 
imaiTeitedly  written. 

A  Treat fe  on  the  Chemical  Hylory  and  JMedieal  Pozvcrs  of 
foine  of  the  moji  celebrated  JSlineral  IVaters,  ^c.  By 
William  Sauxders,  M.D.  F.R.S.,  ^c.  Phillips, 
George-yard,  'Lombard-ltreet.    8vo.    483  Pages. 

THE  more  accurate  analyfis  of  mineral  waters  hv  mo- 
tlern  chemiftr)',  cannot  but  lead  national  ^^hvhcians  to  efti- 
itiatc  more  juftlv  than  before,  the  nature  of  their  refpeftive 
fijediclna!  power-s. 

In 
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Tn  the  work  now  before  us,  Dr.  Saunders  applies,  with 
Confiderable  flcill,  the  information  of  chemical  analyfis  to 
afllrt  in  expl:ilnlng  the  proper  remedial  ufes  of  the  waters  of 
the  moft  celebrated  mineral  fprings  in  Britain  and  on  the 
Continent. 

His  work  begins  with  an  account  of  the  phyfical  qualities 
and  the  chemical  compofilion  of  water,  and  of  its  natural 
iifcs  in  the  animal  economy.  He  then  examines,  what  ex- 
traneous fubftances  are  liable  to  exift  in  folution  in  water, 
and  by  what  chemical  tefts  or  rc-?.gents  the  prefence  of  any 
of  them  may  be  afcertained.  A  judicious  cha[)ter  follows 
next,  concerning  the  natuie,  as  more  or  lefs  falutarvj,  of  the 
waters  in  common  ufe. 

After  this  preliminary  matter  he  dcfccnds  into  a  particular 
account  of  the  chemical  analyils  and  the  medical  ufts  of 
three-and-twenty  different  fpecies  of  minerallfed  waters. 
Thefe  are,  the  waters  of  JMalvern,  Holywell,  Briftol  Hotwell, 
Matlock,  Buxton,  Bath,  the  Sea,  Sedlitz,  Epfom,  Seltzer, 
Tunbrldge,  Spa,  Pyrmont,  Cheltenham,  Scarborough, 
Vichy,  Carlfbad,  Harlfell,  Harrogate,  Moffat,  Aix-la- 
Chapelle,  Borfet,  Barege.  A  fynoptical  table,  exhibiting, 
in  one  view,  the  chemical  compofitions  of  all  thefe  different 
waters,  is  fubjoined  at  tlie  clofe  of  the  chapter. 

The  medical  ufes  of  water,  are,  next,  more  parUcuIarly 
Confidered,  Water  in  general,  as  he  liere  ftates,  is  ufcful, 
in  proper  quantity,  to  dilute  and  fufpend  the  folids  which  are 
taken  into 'the  ftoniach,  lometimes  to  ftimulate  languid  dl- 
geftion  ;  fometimes,  perhaps,  to  retard  that  which  might  be 
Otherwife  too  rapid.  In  acute  difeafes,  its  internal  ufe  as  a 
diluent  is  highly  beneficial.  Tepid  water,  taken  in  moderate 
dofes,  a6Vs,  generally,  as  an  agreeable  ftimulant  to  the  {\o- 
mach.  A  drauo;ht  of  water,  at  the  greateft  warmth  at  which 
it  can  be  drunk,  will  commonly  give  fudden  relief  from  heart- 
burn. To  fedentary  perfons,  in  acute  fevers,  for  topical  in- 
flammations, cold  water  and  the  cold  bath  may  be  very  ufe- 
fullv  employed,  and  in  ice  for  burns.  The  vjarm,  or  tepid  bath, 
is  adapted  to  prove  ferviceable  in,  perhaps,  a  ftjll  greater  variety 
of  inftances.  Artificial  chemical  v.-atcrs  are  not  without  their 
ufe. 

Vol.  Vni.  M  Whether 
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Whether  medically  or  chemically  confidored,  this  work-  Is, 
in  great  part,  a  compilation.  It  does  not  appear  that  Dr. 
Sanndcrs  has  himfelf  adlualiy  analyfed  the  different  mineral 
waters  of  whicl/he  here  gives  the  hiftory  :  but  he  may  have 
had  opportunity  to  obferve  the  elTeiSts  of  them  all,  when  ad- 
miniftered  as  remedies.  His  compilation  is  made  with  dili- 
gence, with  difcrimination,  and  with  evident  care  for  accu- 
racy. A  rich  vein  of  m^^dical  good  fenfc  runs  through  the 
whole  work  j  and  it  is  even  nitich  that  the  authority  of  a 
phyfician  fo  truly  refpeftable  as  Dr.  Saunders,  is  added  to 
that  of  the  diflerent  medical  writers,  by  which  the  remedial 
ufes  of  thefe  waters  had  been  before  examined  and  explained. 

General  Zoology,  or  Sj,Jleviatic  Natural  H'ljhrj.  By  Ge  o  R  G  E 
Shaw,  M.D.  F.R.S.  IVlth  Plates  from  thejirjl  Autho- 
r'itics  and  viojl  Jele6l  Specimens.  \<A.  I.  Mammalia. 
Kearffey,  London;   1800.     8vo:    5^^ 2  Pages,  121  Plates, 

AFTER  the  fludy  of  m'an,  what  can  be  more  interefling 
or  ufcful  than  to  examine  the  different  forms,  colours,  and 
jFiianners  of  the  lower  animals  ;  to  trace  theiT  local  hiftory 
over  the  earth,  as  thev  are  in  their  refpeclive  fituatioias  10  he 
met  with ;  to  acquaint  ourfelves  with  their  relations  to  the 
ufes  of  human  life,  as  well  as  with  the  mutual  eonneilious 
and  dependencies  of  their  various  fpecies  on  the  rcll  of  na- 
ture, and  on  one  another  ? 

Wc  owe  to  two  illulirious  foreign  naturalifts,  De  Bufibn 
and  Linnaeus,  thofe  fyflems  of  natural  hinory  by  which  tlu; 
knowledge  of  this  feicnce  has  been,  in  the  courfe  of  the 
prefent  century,  the  moft  fucccfsfuUy  diffufcd.  De  Buffon, 
writing  in  a  popular  language,  and  uith  great  fplendour  of 
ftyle,  has  become  the  natural  hidorlan  of  the  peojDle  :  Lia- 
ncus,  fceking  his  chief  merit  in  the  excellencies  of  fcientific 
enumeration  and  arrangement,  has  become  the  guide  of  phi-- 
lofophers.  Pjutfon  is  quoted  as  good  authority  :  Linnaeus  is 
followed,  with  implicit  reverence,  as  a  mafter.  The  fchool 
of  Buffon  is  now,  almoft  exclufivcly,  confined  to  his  conti- 
nuators  and  editors  :  all  Europe  has  adopted  the  arrangemcat 
ajul  the  terms  of  Llnnajus  ;  and  his  influence  is  as  great  in 
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tiatural  hif^on^,  as  is  that  of  Sir  Ifaac  Newton  In  natural  phi- 
lofophy,  or  that  of  Lav(nfier  in  chemiftrv. 

In  this  volume  Dr.  Shaw  gives  the  firll  part  of  a  general 
fyftem  of  zoology,  in  which  the  arrangement  of  Linnseus  is 
to  be  chiefly  followed.  Quadrupeds,  birds,  anipiiibia,  fifties, 
inferts,  vermes,  tcftaceous  aniuiols,  zoophytes,  are  to  be 
comprehended  in  the  fyiicm.  It  is  to  be  completed  in  ten 
or  twelve  volumes.  The  prefent  volume  comprehends  the 
hiftory  of  the  ))rimatcs,  bruta,  and  fera;,  the  three  lu-ft  orders 
in  the  clafs  of  mammalia  or  viviparous  quadrupeds.  Tiie 
peculiar  advantages  of  this  fvfiem  are,  as  the  author  hopes, 
to  arife  from  the  combination  of  the  arranginient  of  Lin- 
naeus with  the  materials  contained  in  the  works  of  Buffoa 
and  l\'nnant;  from  the  correction  of  errors  relative  to  fyno- 
nyms  ;  the  inftitulion  of  new  fpccies;  the  addition  of  more 
clearly  diftintSlive  Ipeci fie  charadlers;  from  the  communica- 
tion of  thofc  new  fads  in  natural  hlftorv  which  have  been 
learned  in  late  voyages  to  the  South  Sea,  and  particularly 
by  obfervations  made  in  the  great  ifland  of  Auftralafia,  or 
New  Holland.  The  defcriplions  are  illuftrated,  as  the  title- 
page  exprefles,  with  erigravings  of  the  forms  of  many  of  the 
animals  defcribed.  Thefe  engravings  are  copied  from  the 
works  of  Buffon  and  other  naturalilts,  from  various  original 
drawings,  and  from  fpecimens  in  the  Leverian  and  the 
Britifli  mufffium.  The  hiftory  of  thirty-eight  different  genera 
of  quadrupeds  is  contained  in  the  firll;  volume.  The  en- 
gravings are,  in  general,  well  executed  by  Heath  and  other 
artifts. 

It  is  extremely  probable  that  the  whole  work,  if  conducted 
to  an  end  with  the  fame  care  and  (kill  which  appear  in  the 
firil  volume,  will  prefent  a  fuller  and  more  corre6t  fydein 
than  has  been  as  yet  publidicd  of  our  knowledge  in  zoology. 
Its  chief  OT(?nVi  are,  great  elearnefs  and  accuracy  of  defcrip- 
tion,  fidelity  of  reprefentation  in  the  engravings,  eafe  and 
peripicuity  of  llyle,  ju(l  diferlmination  as  to  diftiuiftive  cha- 
raelers,  and  the  increafe  which  it  affords  of  the  number  of 
known  animals.  Its  chief  iinperfctlions  arc,  that  the  author 
appears  to  have  ftudied  more  in  cabinets  of  curiofiiies,  than  by 
converfing  with  living  nature;  that  he  affanies  for  hisautho-. 
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ritics  ill  fa6l?,  rtther  the  writers  of  former  fyfl-cnis,  than  the 
narratives  of  original  ohfervations  from  which  ihofe  writers 
compiled;  that,  while  intent  chiefly  upon  accurate  defcrip- 
tion,  he  has  told  little,  except  in  a  few  popular  inftances, 
of  the  manners,  habits,  and  local  relations  of  the  quadruped, 
which  he  defcribes. 

T/jf  A/latic  Befearchfs;    or  TianfaSi'ions  of  the  Society  m~ 
Jt'ttui^d  in  bengal  for  inquiring  into  xhe  Hijlory  and  Antir 
tiquities^     the   Arts,     Sciences,    and   Literature    of  Afa, 
Vol.  VL     Calcutta,  1800. 

We  are  happy  to  find  that  this  Society  ftill  continues  its 
labours  with  unabated  fpirit  and  induftry.  The  contents  of 
this  volume  are : 

I.  A  Difcourfe  delivered  by  Sir  Robert  Chambers,  Knt. 
Prefident. — z.  Narrative  of  a  Journey  from  Agra  to  Oujein. 
— 3.  An  Account  of  the  Inhabitants  of  the  Poggv  or  NafTau 
lllands,  lying  oft' Sumatra. — 4.  Obfervatioiis  on  the  Theory 
of  Walls,  wherein  fome  Particulars  are  inveftigated  which 
have  not  been  confidered  by  Writers  on  Fortification. — 5.  On 
,thc  Poifon  of  Serpents  :  Supplement  to  the  foregoing  Paper. 
— 6.  An  Account  of  Petroleum  Wells  in  the  Burmha  Coun- 
try.— 7.  On  the  Maxinmm  of  Mechanic  Powers,  and  the 
EfTefts  of  Machines  when  in  Motion. — 8.  On  the  Religion 
and  Literature  of  the  Burmas. — 9.  Narrative  of  a  Journey  to 
Sirinagur.  Enumeration  of  Plants  noticed  in  the  preceding 
Tour.  Letter  from  Sir  C.  W.  Malet,  Bart,  to  the  Prefident, 
on  the  Subjeft  of  the  following  Paper: — 10.  Defcription  of 
the  Caves  or  Excavations  on  the  Mountain  about  a  mile  to 
the  Eaftu-ard  of  the  Town  of  Ellora. —  1 1.  Remarks  on  fome 
Antiquities  on  the  Weft  g^d  South  Coafts  of  Ceylon  :  writ-, 
ten  in  the  Year  1796. — 12.  On  Mount  Caucafus. — 13.  Oq 
the  Antiquity  of  the  Surya  Siddhanta,  and  the  Fojmation  of 
Agronomical  Cycles  therein  contained. — Appendix.  Rules 
of  the  Afialic  Society.     Members  of  the  Afiatic  Society. 
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JL  HE  Afialic  Society  inftitiUed  in  Bengal  for  inquiring 
into  the  Hiitory  and  Antiquities, the  Arts,  Sciences,  and  Lite, 
ratnre  of  Alia,  having  ref  ilved  to  give  with  each  fubfequent  vot 
lume  of  their  Refearches  a  lift;  of  fuch  oriental  fubjecls  as  re- 
quire further  illuttration,  and  to  invite  communications  on  the 
fubjeft,  have  felecled  the  following:,  and  prefixed  them  to 
their  laft  volume,  lately  publifhed  at  Calcutta. 

J.   Religion,  Policy,  Jurifprudencc,  Manners,  and  Cvjioms. 

I.  An  accurate  defcription  of  the  different  feilivals  and 
fafts  prevalent  in  India ;  together  witli  an  inveilin:ation  of 
their  origin,  and  of  the  reafon  and  figniiication  of  their  pecu^ 
liar  ceremonies.  As  thofe  are  very  numerous,  the  following' 
are  fpecified  as  objecls  of  primary  inquiry  : 

Among  tlie  Hindus — D.oorga  Po(  ja,  or  DulTerah  ;  KaJee 
Pooja,  Dewalee,  Jonmon  Afhtomer,  Churkh  Pooja. 

Account  of  the  pilgrimage  to  the  temple  of  Jagar.atha,  at 
Purfotom. 

Among  the  Mufulmans— Eed  ul  Zoha,  Eed  ul  Fetr,  Eed 
Ghudeer. 

3.  An  enumeration  of  the  diiferent  calls  of  Hindus,  with 
the  culloms  pccuUar  to  each,  as  exiftino;  in  the  prefcnt  time- 
— See  an  enumeration  from  the  antient  Sanfcrit  records, 
Afiatic  Refearches,  Vol.  V.  p.  53. 

3.  A  connefted  hlllory  of  the  feveral  Mi'.fulman  tribes  exr 
iftingin  India:  among  thefc,  an  account  of  the  lingular  tribe 
^K.uown  by  the  name  oi  Borah,  is  particularly  required. 

A.  What 
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4.  V/hat  kinds  of  oaths  arc  confidered  as  peculiarly  bind* 
ing  by  the  difFej-ent  tribes  and  i'efts  in  Hinduftan  ? 

5.  What  hidorical  monuments  remain  of  the  government, 
and  the  fyftem  of  police  which  obtained  in  Hindurtan  pre- 
vioufly  to  the  Mufulman  invalion? 

II.   Geography, 

1.  A  catalogue  of  the  names  of  towns,  countries,  pro* 
vinces,  rivers,  and  mountains,  from  the  S^hafters  and  Pu- 
ranas,  with  their  modern  names  annexed;  and  a  correal  lift, 
according  to  the  oriental  orthography,  of  the  towns,  &c. 
mentioned  by  Major  Rennell  and  other  European  geogra- 
phers. The  etymology,  as  far  as  pra6licable,  would  alfo  be 
defirable. 

2.  What  were  the  geographical  and  political  divifions  of 
ihc  country  before  the  Mufulman  invalion  ? 

///.   Biography. 

1.  Accurate  tranflations  of  the  accounts  given  of  the  life 
and  aftions  of  Bouddha,  by  the  prieits  of  his  lecl. 

2.  To  inquire  if  there  be  any  accounts  remaining  of 
Chauchafan,  Gonagom,  and  Galpa;  whom  the  Eurmas  re-, 
prefent  as  having  preceded  Godama. 

3.  The  hiflorv  of  JMahamoony,  a  difciple  or  follower  of 
Godama;  to  whom  alfo  adoration  is  paid  by  many  among 
the  worflvlppers  of  Bouddha. 

4.  A  hiftory  of  thofe  fiunts,  philofophers,  8cc.  either  male 
or  female,  who  have  become  famous,  in  modern  times, 
among  the  nations  and  religious  feels  that  inhabit  India. 

IV.   Cominercc,  Natural  ITiJlorj,  Materia  Medica. 

I.  To  inquire  into  the  ftate  of  the  commerce  of  India 
previoufly  to  the  firft  fettlemcnt  of  Europeans. 

1.  To  afcertain  the  ditl'erent  trees  which  produce  gamhogey 
or  a  gum-relin  refembiing  it:  to  inveftigate  the  qualities  of 
the  drug  as  procured  fiom  each  of  thofe  trees,  among  whicU 
xve  may  reckon  the  following: — Cambogia  gutta,  Linn.j 
iJarcrriia  cehbica,  Linn.;  Stalagmilis  cambogioulcs,  Keen.} 
Hypericum  pomifcruvi,  Kox,  To  procure  accurate  figures  of 
7  the 
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ihf  Jializgmi/is  canihcgioiJe's,  or  the  Ceylon  tree,  and  of  the 
tree  which  yields  ihi?  drug  in  Camhodia.  Laftiv,  to  deter- 
mine whether  alj  thole  trees  may  not  be  referred  to  one  genus. 

3.  To  afcertain  from  what  country  the  root  commonly 
called  c'Aitmbo  is  procured,  and  to  give  a  botanical  defcrip- 
tion  and  figure  of  tlio  plant  to  which  it  belongs. 

4.  The  botanical  names  of  plants  mentioned  in  the  Hlnc^ii 
books  of  Materia  JMciLsu. 

5.  To  fupply  the  deficiencies  which  remain  in  the  accoivits 
of  the  prodtie\ion  of  borax  in  the  neighbourhood  of  Tibet 
rnd  Napal,  as  delivered  bv  Mr.  Blane  and  Father  Jofeph  de 
Ravato  in  the  Philofophical  Tranfaelions,  Vol.  LXXVII. 

6.  Whether  the  tobacco  plant  was  known  in  Afia  before 
the  difcoverv  of  America ;  and  whether  the  edict,  fiid  to 
have  been  pnbliftied  by  Aurunzebe,  againfi:  the  ufc  of  that 
plantj  be  authentic  ? 

/"'.    Medicine  and  Surgery. 

T.  Hiftorv  of  that  peculiar  inflammation  of  the  fchnclde- 
flan  membrane  termed  nakray  with  the  mode  of  treatment 
by  the  natives. 

3.  Hiftory  of  inoculation  for  the  fmall-pox  among  the 
.Hindus. 

3.  Antiquity  of  the  venereal  difcafe  in  India;  and  the  know-- 
ledge  which  the  antient  Hindu  phyficiar«  had  of  its  cure, 

4.  Their  treatment  of  the  leprofy ;  with  fonie  account  of 
the  different  fpecics  of  that  difeafe  which  are  met  with  among 
the  natives  ot  India. 

5.  How  lon<r  have  the  natives  poffefled  the  art  of  couching 
for  a  cataract,  and  from  what  fource  did  they  obtain  it  ? 

/'T.    Language,  hitcraiure. 

1.  How  many  dialec-ts  are  there  of  the  Hinduwee,  i.  e.  of 
lang-uages  connected  with  the  Sanfcrit :  and  in  what  parts  of 
India  were  they  or  are  they  fpoken  ? 

2.  What  general  term  had  the  natives  of  India  before  the 
jMiifulman  invafion,  to  defignate  what  we  imply  by  the  term 

Hindu. 

■^.  To  obtain  as  full  a  catalogue  as  pofiible  of  books  in  the 

Sanfcrit 
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Sanfcrlt  and  other  Hinduwee  languages,  contalnitig  tlie  fol- 
lowing particulars,  as  far  as  they  can  be  afcertained,  'vi^.  the 
Jiames  of  the  authors,  the  fubje6ls,  the  dates,  the  age  of  the 
inoft  antient  raanufcript  of  each  now  kno\^n  to  exift;  and 
the  places  where  the  books  are  now  to  he  found. 

ELECTOllAL    ACADEMY    OF    THE    USEFUL    SCIENCES 
AT    ERFURT. 

Tn  the  fitting  of  February  the  4th,  Dr.  G.  H.  Thi1o\«- 
communicated  to  the  Academy  an  account  of  fome  experi- 
ments he  had  made  in  regard  to  Galvanifm.  Thefe  experi- 
ments were  a  continuation  of  his  former  ones  *,  and  tend 
flill  farther  to  confirm  the  idea  that  faltpetrc  poflefles  the 
peculiar  property  of  weakening  the  nervous  f}-flem.  This 
he  afcertained  by  feveral  experiments.  Having  cut  off  a 
portion  of  the  crural  nerve,  which  had  been  laid  bare,  and 
weakened  or  deprived  of  its  irritability  bv  faltpetre,  he  laid 
bare  another  portion  towards  the  knee,  and,  by  ftrewin^ 
liitre  over  it,  deprived  it  in  a  few  minutes  of  all  fufccptibility 
of  irritation.  The  fame 'thing  always  took  place  as  far  as 
the  toes  whenever  a  new  portion  of  the  nerve  was  laid  bare. 
The  author  thence  concludes  that  the  vital  power  is  not  to- 
tally extinguifned  even  when  it  cannot  be  excited  by  the 
ftrongeft  ilimulants  applied  to  a  nerve  which  has  been  feveral 
times  fubje61ed  to  the  a6lion  of  fome  ftimulant.  The  heart 
of  a  frog  laid  bare,  and  dill  in  connexion  with  thcfurround- 
ing  parts,  and  which  contracted  and  expanded  with  great 
vivacity,  being  ftrewed  over  with  a  little  faltpetre,  its  move- 
ment was  by  thefe  means  immediately  checked  :  though  the 
author  had  taken  the  heart  from  the  thorax,  the  fore-legs  of 
the  animal  itill  moved  with  fuch  ftrcngth,  that  the  whole 
upper  part  of  the  body  was  thcieby  agitated  from  one  fide  ta 
the  other.  Some  drops  of  warm  milk,  let  fall  between  fome 
of  the  mufcles  and  nerves,  fpeedily  put  an  end  to  this  violent 
movement.  Thefe  ftriking  phenomena  the  author  Endea- 
voured to  explain  from  the  circumfianccs  of  milk  removing 
obftinate  f])afmodic  a(Te6lions,  and  reftoring  the  equilibriumi 
of  the  mufeular  and  nervous  fibres.     lie  had  obferved  alfo, 

•■■  Sec  PLiloJnpbical  Ma^a%iiic,  Vol.  Vi.   p.  ^■\^. 
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feveral  times,  that  perfons,  whofe  fibres  were  too  rigid  and 
tcnfe,  were  often  troubled  with  craniplfli  afFcdions,  and 
frequenilv  fuifered  from  violent  flatulenries.  He  always 
found  that  their  complamts  were  increafed  by  bitters  or  car- 
minatives in  general,  but  that  they  were  lefl'ened  by  the  ufe 
of  lukewarm  milk. 

The  fame  author  read  fonic  obfervations  on  the  ufe  of  the 
German  opium.  As  foreign  opium  is  brought  to  Eun.p'j  in 
an  impure  and  imperfcA  Itaie,  it  is  of  iniportance  to  dif- 
covcr  fome  fubftance  that  niighf  be  (ublVituted  in  its  ftead. 
•Profeflor  TrommfJorflf  found  fuch  a  fubftitute  in  poppy- 
heads,  from  which  he  has  prepared  a  tin£lurc.  Dr.  Thilow 
having  made  fome  experiments  with  this  tinfiiure  in  the 
Clinical  Inftitute  of  Erfiu't,  obferved  that  it  fully. anfwered 
expeelation  in  cafes  of  flux,  fp;ifms  in  the  ftomach,  gout,  and 
hyftcrics*. 

FREi<rCK    NATIONAL    INSTITUTE. 

C.  Olivier  lately  read  before  this  fociety  fome  obfervations 
on  the  jerboa. 

His  objeA  was  to  re6lify  an  error  into  which  the  antients 
and  moderns  have  fallen,  in  regard  to  the  manner  in  which 
the  jerboa  walks ;  and  to  make  known  the  very  Angular 
organization  of  the  genital  parts  of  the  jerboa,  mus  jaculus^ 
Linn.,  mus  fagiita,  Pall.,  to  compare  them  with  thofe  of 
the  aladaga,  and  to  defcribe  more  at  length  the  fpecics  men- 
tioned by  Linnaeus,  under  the  name  of  mus  longipes,  im-» 
properly  confounded  with  the  mus  meridianus  of  Pallas. 

The  jerboa  is  reprefented  in  an  ereft  pofture  on  the  Cy- 
fenean  medals;  Herodotus,  Ariltotle,  Theophrsftus,  Pliny, 
&c.  among  the  antienls,  and  Paul  Lucas,  Butlbn,  Alla- 
mand,  Pallas,  Vic.  d'Azyr,  &c.  among  the  moderns,  have 
iall  confidered   this  fmall  quadruped  as  a  biped,    that  is   to 

*  It  may  be  gratifying  to  our  readers  to  learn  that  a  prtvnium  for  the 
produftion  of  opium  in  England,  offered  by  tlie  Society  foi:  the  E.icou- 
jtagement  of  Atts,  Manufafturts,  and  Commerce,  was  awarded  ip  rh-'ir 
Iall  Se'iion  to  a  gentlerr.an  \vho  jproduced  a  conlu'e  able  quantity  fotft 
poppies,  which  was  found,  by  proycr  trials,"  to  coijtain  all  the  rcquifits 
properties. 

Vol.  VIIL  N  %, 
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fay,  an  animal  which  walks  on  its  hind  legs  alone.  Olivier 
has  re6lilied  this  error  by  his  own  obfervation,  which,  on 
this  point,  perfe6lly  agrees  with  the  ftrufture  of  the  body  of 
the  animal,  as  it  does  not  allow  it  to  remain  long  upright  on 
its  tarfi. 

The  penis  of  this  quadruped,  as  obferved  by  Spnnini  *, 
Is  furnifhed  with  two  long  offeous  hooks  near  each  other, 
and  placed  towards  the  middle  of  the  upper  part  of  the  glans. 
The  latter  is  guarded  befides  with  puplllce,  almoft  of  an  oileous 
nature,  bent  back  and  fliaped  like  a  fpoon.  In  the  alaftaga,  the 
musjaculans  of  Pallas,  the  glans  is  merely  covered  with  pa- 
fill^e,  in  the  form  of  fplkes,  almoft  ftraight,  rounded  and 
direiled  backwards.  The  tedicles  are  concealed  in  the  ab- 
domen ;  and  the  orifice  of  the  vulva  in  the  female  appears 
to  be  confounded  with  that  of  the  anus. 

The  dcfcription  which  Olivier  gives  of  a  fmall  fpecles 
found  by  him  in  Egypt,  and  which,  in  fize,  is  nearly  equal 
to  that  of  a  rat,  is  perfeclly  applicable  to  the  mus  longipes 
of  Linnaeus ;  except  that  the  latter,  according  to  Linn«us, 
has  only  four  toes  on  the  fore  feet,  while  that  of  Olivier 
has  five;  but  it  may  be  poflible,  fays  Olivier,  that  Linnaeus 
did  not  pay  attention  to  the  thumb,  which  is  indeed  very 
fhort. 

As  there  is  great  confufion  in  the  fynonymy  of  authors, 
Olivier  endeavours,  at  the  end  of  his  memoir,  to  re6lify  their 
mifiakes.  At  the  fame  time  he  gives  the  fpecific  charac- 
ters of  the  fpecies,  which,  in  his  opinion^  belong  to  that 
genus. 

1.  Dipus  cerfer  pedibus  poflicis  tetrada(9:ylis. 

2.  T>\\i\\?>  jerboa  pedibus  pofticis  trida6lylis. 

3.  Dipus  alaSlaga  pedibus  pofticis  pentada6lylis,  latera- 
libus  multo  brcvioribus. 

4.  Dipus  gerbillus  fupra  flavus  fubtus  albus;  pedibus 
pofticis  pentada6lylis,  digitls  fubaequalibus. 

Decandollc  communicated  to  the  Firft  Clafs  of  the  Infti- 
tute  a  monography  of  the  bilocular  leguminous  plants. 

Thebilocular  leguminous  plants  are  thofe,  the  fruit  of  which 
are  divided  into  two  cells  by  a  longitlidinal  partition,  com- 

•  Ftjage  en  E^jpie,  Vol.  I.   p.  133. 
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plete  or  incomplete.  Tournefort  has  given  a  feftion  of  them 
in  his  family  of  the  papilionacei.  Linnaeus  has  eftabhflied 
them  into  three  genera :  the  bijjemla,  charafterifed  by  its 
indented  feed  ;  the  phaca,  the  feed  of  which  ought  to  be 
femi-bilocular ;  and  the  ajlragalus,  where  the  feed  is  bilo- 
cular  ;  but  thefe  two  lad  genera  are  not  fufficicntly  diftinft; 
for  that  reafon  Lamark  united  them.  Decandolle  has  re- 
tained that  arrantrement,  but  he  has  changed  the  charac- 
tors  and  rendered  them  more  diftinct. 

The  genus  of  the  pbaca  has  for  its  chara6ler  a  carina,  fur- 
niflied  with  a  long  Ilraight  point ;  a  feed  with  two  longitu- 
dinal cells,  fometimes  complete,  but  for  the  moft  part  in- 
complete, formed  by  the  folding  back  of  the  upper  future. 
This  genus  comprehends  twenty  fpeclcs,  viz.  phaca  febirica', 
Ltnn.;  phfViyriophylla,  miiricata^fylvatica^  oxyphylla,  pro- 
Jlrata,  Pall  ;  ajhagalu  verticellaris,  alpinus  montaniis,  cavi^ 
pejlris, ptlofuSj  l^iism.',  aJIr.J'ostidus,  Will. ',  afcr.  deflexus. 
Pall.;  ajlr.  annularis, Fo r s  K . ;  and  fe ven  undefcribed  jpecies. 
llie  phaca  alpina,  aujlralls  hatira  and  rig'ida,  are  referred 
to  the  colutea.  The  genus  ajiragalus  is  diftinguifhed  from 
the  preceding  by  its  obtufe  carina,  and  its  feed  with  two  lon- 
gitudinal cells,  fometimes  complete,  or  for  the  moft  part  in- 
complete, formed  by  the  repli  of  the  lower  future.  It  compre- 
hends 125  fpecies,  36  of  which  are  nondefcript.  This  vaft 
genus  had  been  divided  into  three  fections,  according  as  the 
ftalk  was  herbaceous,  ligneous,  or  null ;  but  thefe  divifions 
are  not  correct.  Decandolle  has  divided  the  genus  into  two 
fe£lions,  according  as  the  ftipul^e  are  diftinct  from  the  pe- 
tiole, or  adherent  to  it.  The  firft  fection  comprehends  the 
fpecies  with  yellow  or  purpurine  flowers.  The  fecond  is  di-r 
vided  into  three  fubdivifions;  the  firft  has  the  ftipulae  ad-, 
herent  to  the  petiole  and  tlie  ftalk,  and  the  petiole  herba- 
ceous and  not  fpinous ;  the  fecond  has  the  petiole  not 
fpinous  and  caduque ;  the  third  has  the  petiole  fpinous 
perjijlant,  and  the  folioles  caduccAis.  Thefe  are  the  tra- 
gacantha  of  which  the  old  botanifts  made  a  genus ;  but 
the  frucliification  prefents  no  character,  and  exhibits  the 
fame  variations  as  thofe  of  the  other  aftraguli. 

Xhe  phaca,    ajlraguli,  baguenaudiersy    and   fevera!  other 

N  7,  genera 


gt  French  National  InJI'tlule. 

genera  in  different  families,  have  the  verficular  perlcarpium 
filled  with  air.  Decandolle  has  obferved,  that  if  this  air  be 
analyfed  at  the  moment  when  it  is  collerted  from  the  pe- 
ricarpium,  it  is  found  to  be  of  the  fame  purity  as  atmofpheric 
air;  but  if  this  pericarpium  be  immerl'ed  in  water,  the  air 
lofes  its  purity,  and  in  the  courfe  of  about  a  day  no  oxygen 
gas  is  found  in  it.  The  fame  thing  takes  place  in  the  fun 
as  well  as  in  ohfcurity.  The  total  quantity  of  the  air  does 
not  appear  to  the  eye  to  be  diminiHied.  Is  the  oxygen  gas 
converted  into  carbonic  acid  gas  ?  or,  rather,  does  it  not 
ferve  for  ihe  nutrition  of  the  feed.  What  tends  to  fupport 
this  idea  is,  that  Humboldt  found  that  the  tunics  of  the  feeds 
contain  azot  ahiioft  in  a  ilate  of  purity.  This  fa6l  coincides 
with  an  obfcrvation  which  Decandolle  made  before  on  the 
veficles  of  i\\tfucus  I'eficulofus  ;  he  obferved  that  thefe  ve- 
iicles  contained  atmofpheric  air  when  they  had  remained 
fome  hours  out  of  water,  and  azotic  gas  when  they  had  been 
fome  time  immerfed  in  it.  Thefe  fa6ts  deferve  the  attention 
of  phyfiologifts. 

It  is  well  known  that  gum  tragacanth  is  furniflied  by  cer- 
tain fpecies  of  the  ajlragalus^  called  on  that  account  tra- 
g-.iccin'ihcB.  It  appears  that  feveral  fpecies  of  this  divifion 
poficfs  the  fame  property ;  according  to  Tournefort,  the 
ajlragalus  creticus  furniHies  this  gum  in  the  ifland  of  Crete ; 
and  the  njiragahis  gumnufer  furnifhes  fome  of  it  aifo  in 
mount  Lebanon,  according  to  Lubillardier.  It  appears 
that  it  was  the  ajlragalus  echirtoides,  from  which  Profper 
Alpinus,  as  he  fays,  {^w  this  gum  diftilling.  In  a  word, 
Olivier  alfures  us  that  the  gum  u fed  in  commerce  comes 
neither  from  Cvele  nor  from  Lebanon,  but  that  the  place 
of  its  deport  is  Aleppo  ;  and  that  it  is  brought  thither  from 
Perfia,  where  indeed  the  (lirub  that  produces  it  is  found.  It 
is  a  tragacantha  not  yet  defcribed. 

The  anti-fyphiiitic  properties  o{  ihe  ajli-agalus  exfcampus 
havti  of  late  been  much  extolled,  and  ftill  require  confirma- 
tion, The  rarity  of  this  plant  prevents  it  from  being  fub- 
jefted  to  experiments.  Decandolle  recommends  making  them 
pn  the  ajlragalus  incanns,  and  mrmofprfjulanus^  which  grow 
ip  France,  and  which  feems  to.  be  analogous  to  the  former. 
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The  exlftcnce  of  ornitholites  in  f^rata  of  fubmirine  forma- 
tion, is  ftill  contefted  by  fcveral  nataralius.  The  celebrated 
Foriis  has  even  pubHflicd  a  memoir  m  wh'ch  he  proves  that 
no  well  afcertaincd  inllances  of  this  circumftance  had  ever 
been  known.  Mention  had  indeed  been  made  in  feveral 
works  of  thofc  found  at  Alontniartu  j  but  fome  doubts  ftill 
remained. 

C.  Cuvier,  however,  has  lately  prcfented  to  the  Inftitute 
a  fofni  whioh  i'ecms  to  have  all  the  chara6lcrs  of  an  orni- 
tholite.  It  is  a  leg  compofed  of  a  portion  of  the  femur, 
a  tibia,  and  a  tarfus,  in  one  piece ;  tliree  toes,  one  of  which 
has  three,  the  fecond  four,  and  the  other  five  articulations, 
and  the  veflige  of  a  fpur.  Thefe  members  are  not  found  but 
in  the  clafs  of  birds  alone. 

This  leg  was  incrufted  in  that  kind  of  g)-pfum-which  in 
large  Ilrata  occupy  fuch  an  immenfe  fpace  around  Paris.  It 
was  found  at  Ville-Juif,  in  the  third  mafs,  that  is  to  fay, 
about  fixteen  yards  lower  than  the  ftrata  which  contain  the 
bones  of  quadrupeds  already  defcribed  by  the  fame  author, 

C.  Vidron,  mufic  malter  at  Paris,  having  announced  a 
difcovery  he  had  made,  by  means  of  which  perfons  born  deaf 
could  be  enabled  to  hear  muiic.  Haiiy,  Lacepede,  and  Cu- 
vier, were  appointed  to  examine  this  difcovery,  and  to  make 
a  report  on  the  fubjeft  to  the  Inftitute.  It  appears  from  this 
report  that  the  apparatus  employed  by  C.  Vidron  confifls  of 
a  fleel  rod,  one  end  of  which  he  places  on  the  lid  of  a  harp- 
fichord,  and  the  other  between  the  teeth  of  the  deaf  perfon. 
This  rod  is  furniflied  alfo  with  a  branch  terminated  by  a 
knob,  which  refls  in  the  pit  of  the  ftomach,  and  fometimes 
alfo  with  a  fecond,  applied  to  the  cranium.  The  commif- 
lioners  mentioned  that  feveral  authors  have  announced  that 
certain  dtAi  perfons  had  been  made  to  hear  mufical  founds 
by  eiiablilhing  a  communication  between  their  teeth  and  the 
inftrument  by  means  of  a  rod,  goblet,  or  other  body.  Of 
thefe  authors  they  mentioned  Fabricius  ab  Ao,napendentea 
Schellhammer,  Boerhaave,  Winkler,  anil  Joriflen. 

They  endeavoured,  in  particular,  to  determine  how  far  this 
invention  might  be  of  utility  either  in  regard  to  the  different 
kinds  of  deafnefsj  or  in  regard  to  the  different  kinds  of  founds 

which 
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•which  one  may  wifli  to  communicate.  They  gave  ihemfelvcs 
an  artificial  kind  of  deafnefs  by  flopping  their  cars,  and  re- 
moving to  a  great  diftancc.  In  both  thefe  cafes,  founds  were 
pcrfedly  heard  bv  the  (Icel  rod,  and  the  founds  appeared  to 
them  to  come  from  the  infide  of  the  rod,  and  not  from  their 
real  place.  But  tlie  refults  were  dificrent  with  rcfpeft  to  fome 
perfons  aftually  deaf,  oh  whom  the  experiments  were  tried. 
Some  of  them  heard  very  diUin6llv;  but  the  greater  number 
declared  that  they  experienced  only  a  tremulous  movement, 
more  or  Icfs  general. 

The  commiHioners  conclude  that  this  method  may  be  cm- 
ployed  with  fuccefs  in  cafes  of  deafnefs  which  arife  only  from 
fome  obft ructions  in  the  external  part  of  the  auditory  pafTage, 
but  that  it  is  ufelcfs  in  thofe  occafioned  bv  a  paralyfis  of  the 
nerve,  or  any  eflcntial  derangement  in  the  interior  organs, 
■which,  unfortunatciv,  is  moft  commonly  the  cafe,  efpecially 
in  thofe  bom  deaf.  They  are,  however,  of  opinion,  that  it 
ought  to  be  tried  on  young  perfons  who  are  deaf;  for,  even 
if  there  were  found  only  one  in  a  hundred  capable  of  deriving 
benefit  from  this  refource,  it  would  at  any  rate  be  one  foarce 
more  of  enjovment  to  fuch  an  individual. 

In  regard  to  articulate  founds  or  words,  the  commiffioners 
found  that  it  is  hardly  poffible  to  hope  that  they  can  be  con- 
veyed with  accuracy  by  this  apparatus^  at  leaft  in  its  prefent 
ftate. 

In  the  fitting  of  Auguft  23,  General  Dugua,  who  had  re- 
turned from  Egvpt,  having  brought  with  him  two  copies  of 
a  remarkable  infcription  found  on  a  black  granite  of  an  ex- 
ceedingly fine  grain,  prefcnted  them  to  the  Infiitute. 

This  monument  was  difcovered  in  digging  up  the  earth  at 
Fort  Elleve,  near  the  Bogar  of  Rofetta,  two  leagues  from  that 
town. 

It  was  not  brought  to  Cairo  till  after  Buonaparte's  depar- 
ture, and  was  depofited  in  the  Inftitute  of  that  city.  The 
difcovery  was  made  by  C.  Bouchard,  lieutenant  of  engineers, 
who  was  appointed  to  fuperintcnd  the  repairs  of  the  fort. 

Two  members  of  the  commilfion  of  the  arts  were  empJoyed 

at  Cairo  in  taking  copies  of  this  monument,   unique  of  its 

kind,  in  order  that  it  might  be  prefervcd  whatever  might 

7  happen. 
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l>appcn.  The  flrft  was  C.  Marcel,  dircAor  of  the  national 
printing-office  in  I^vgpt,  who  polfefles  extenfive  knowledge 
and  an^  indefatiiiable  zeal  for  acquiring  more.  By  a  finiple 
typographic  procefs  he  obtained  copies  with  the  chara6ters 
inverted,  but  which  could  be  eafily  read  by  means  of  a 
mirror.  The  fecond  was  C.  Gmte,  chief  of  the  brigade  of 
aerodats,  who,  by  his  knowledge  of  mechanics  and  the 
arts,  had  always  been  one  of  the  moil:  ufeful  men  in  the 
colony. 

He  employed  the  procefies  of  engraving  to  obtain  copies, 
which  at  firfl:  gave  the  characters  inverted  ;  but  thefe  copies 
being  put  under  the  prcfs,  gave  others  fimilar  to  the  infcrip- 
tions. 

The  infcription  is  in  three  diflcrent  characters ;  one  portion 
prefents  a  feries  of  hieroglyphics,  in  fcveral  lines  exceedingly 
regular;  another  which  has  not  yet  been  fufficiently  ex- 
amined, exhibits  a  great  number  of  lines  in  charadlers.  which 
iVdl  leave  fome  uncertainty,  and  which  require  a  more  pro- 
found refearch.  The  laft  portion  is  compofed  of  fifty  three 
lines,  written  in  Greek.  Laport-Duthell  one  of  the  mem- 
bers of  the  clafs  of  literature  and  the  fine  arts,  innnediately 
be{i;an  to  tranfcribe  this  part;  and  communicated  to  the 
clafs  a  part  of  its  contents.  He  afterwards  made  known 
the  fubftance  of  nearly  the  whole  of  it,  having  tranfcribed  the 
firft  thirty-eight  lines.  According  to  his  explanation,  it  ap- 
pears that  the  infcription  is  a  monument  of  gratitude  from 
the  priefts  of  one  or  more  temples,  either  of  Alexandria  or 
fome  place  in  the  neighbourhood,  to  Ptolemy  Epiphanes. 

A  literary  man  of  eminence  has  already  publiflied  fome 
obfervatiotis  on  the  firft  explanation  given  of  the  Greek  text. 
If  the  infcription  be  in  honour  of  Ptolemy  Dionyfius,  fays  he, 
it  follows  that  the  date  of  it  mu(l  be  6'>j  years  before  the 
Chriltian  sra  ;  on  the  other  hand,  if  the  infcriptions  exprefs 
the  fame  thing,  it  thence  follows  that  the  hieroglyphic 
language  waS  i;i  ufe  even  fo  late  as  200  years  before  Chrift  *, 

though 

•   The   Apocalypfe  fiirnifiics  a  direft   prowf  that   it  was  underftocx?, 
even  fubfequent  to  the  Chriltian  aera.     If  conwrieotHtors  had  attended  to 
this  fa<5t,   and  followeti  tht  hiercglyphJcal  acctptaiioji  of  the  figures  em- 
ployed 


^6  Fq/fils, 

t-i^'i^h  it  is  commonlv  believed  among  the  leanled,  that  in 
th-  jm^^of  [lerodotu::,  that  is  nearly  500  \cars  before  Chrift, 
th'j  inowlcdge  nf  this  hinguage  was  already  loft. 

Since  tht;fe  infcrintions  were  prefented  to  the  Iiiftitute, 
Bonaparte  has  ortKTcd  engravings  to  be  made  of  them,  in 
order  to  gratify  the  curioiity  of  the  learned  in  all  countries. 


FOSSIL3. 

Faujas  St.  Fond  has  lately  brought  to  Paris  feme  curious 
fofiils,  havin*  on  'hem  lae  imprcffion  of  plants;  which  he 
found  under  lava  at  the  depth  of  twelve  hundred  feet.  Juffieuj 
Desfontjins,  andLamavk,  h?veobferved  that  feveral  of  thefc 
impreflfious  belong  to  plants  common  in  Europe  at  prefent^ 
fuch  as  leaves  of  the  ch  -nuit  tree,  of  the  birch,  mountain-afhj 
the  maple,  an  entire  cone  of  t\ie  pinusjf)'he/ins,  and  a  portion 
of  a  cone  of  ihe  pimis  fativa.  Fabricius  and  Latrcille  dif- 
covered  in  them  alfo  the  imprcffion  of  an  infeft,  which  is  the 
common  hydrophjlus  or  water-beetle.  Faujas  St.  Fond 
intends  to  publilh  an  account  of  this  difcovery,  illuftrated 
with  aigravings. 

ployed  in  that  book,  inftead  of  giving  their  own  opinions,  founded  on  a 
fuppofed  refecnbiance  of  the  figures  to  the  objeflsto  which  they  arbitrarijv- 
applied  them,  they  would  have  come  nearer  to  the  author's  meaning  than 
they  have  done.— Edit. 


ERRATA  IN  VOL.  VI I. 


Page  356,  I.  21,  for  ibis  r.  their :  p. 360,  1.  5.  for  Lerx.  i/je  ■•  p.  36^,  !.  jr« 
for  mere  r.  more  ••  p.  372,  1.  4,  iorfulphal,  r.  ftilphuref. 
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Jl  Jhort  P'lew  of  the  Obfervations  ivhich  have  been  nude  at 
diff'erent  Times  on  the  Lu?itmous  Appea''\T.nce  of  the  Sea, 
Read  in  the  Phjjical  Society  of  Gottingerif  by  J,  G.  Lr, 
Blumhoff*. 

X  HERE  are  many  things  in  nature  of  which  we  know 
nothing  more  than  that  they  exift :  refpefting  the  manner  in 
which  they  exift,  and  for  what  purpofc,  we  are  entirely  ig- 
norant. They  are  often  the  objeZ-ts  of  our  wonder  and  ad- 
miration ;  but,  owing  to  the  imperfection  of  our  facukleSj 
we  can  acquire  no  fatisfatlory  knowledge  of  their  nature. 
The  only  courfe,  therefore,  which,  as  rational  beings,  we  can 
purfue  in  fuch  cafes,  is  to  endeavour,  by  the  help  of  con- 
jeclures,  to  open  a  way  to  truth;  and,  when  this  cannot  be 
accompli  (bed,  to  endeavour  to  approach  as  near  to  it  as  pof- 
fible.  This,  indeed,  may  often  be  effected  with  fome  decrrea 
of  fuccefs,  by  admitting  certain  hypothefes,  or  fundamental 
principles  deduced  from  analogy,  efpecially  when  our  re- 
fearches  are  conduced  with  accuracy  and  perfeverance.  It 
may  be  proved  by  innumerable  inftancesj  taken  from  the 
biftory  of  the  fciences,  that  hypothetical  and  conjectural 
explanations  have  often  conducted  mankind  to  the  difcovery 
of  immutable  laws,  and  truths  of  the  greateft  importance. 
To  explain  the  phaenomena  of  nature,  has  always  been 

*  From  Magazin  fur  den  Neuejltn  lujland  dsr  Naiurkun^e,  Sec.  Vo!.  I. 
part  4. 
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the  employment  of  philofophers ;  and  yet  there  are  many 
of  them  refpefting  which  our  knowledge  is  very  uncertain. 
But  how  is  it  poflible  for  fuch  fhort-fighted  beings  as  men 
are,  to  have  at  command,  and  employ  in  a  proper  manner, 
all  thofe  external  circumftances  which  are  neceflary  for  the 
thorough  examination   of  fuch  phaenomena  ?     A  thoufand 
things  occur  daily  in  nature  which  it  is  impofllble  for  our 
coarfe  organs  to  perceive,   and  much  more  to  obferve  in  a 
perfeft  manner  :    in  this  paper,  however,  T  fliall  not  defcend 
to  microfcopic  objects,  but  offer  a  few  remarks  refpefting  a 
phaenomenon  which  frequently  occurs,  and  which  has  at- 
tracted the  notice  uf  many  celebrated  philofophers — I  mean 
the  luminous  appearance  of  the  fea.     This  phaenomenon, 
which  exhibits  fo  magnificent  a  fpeClacle  to  navigators,  and 
which,  when  beheld  for  the  firft  time,  muft  excite  aftonlfh- 
ment,  deferves  certainly  to  be  examined  with  more  care  and 
attention.     I  fliall  here,  therefore,  take  a  fhort  view  of  the 
information  which  has  been  collefted  on  this  curious  fubjedt. 
That  the  water  of  the  fea  fometimes  exhibits  a  luminous 
appearance  in  the  night-time,  efpecially  when  ftruck  by  the 
rudder  of  a  fhip,  or  flrongly  agitated  by  its  refiftance  to  the 
motion  of  the  veffel,  is  a  circumftance  well  known ;  and 
this  phaenomenon  appears  fometimes,  in  calm  weather,  like 
multitudes  of  fmall  flars  difperfed  over  the  furface  of  the  fea. 
It  frequently  happens,  alfo,  that  the  places  only  next  the  fliip 
or  the  fhip's  wake,  or  the  track  through  which  fifh  have 
paffed,  appears  luminous.     The  well-known  Americus  Vef- 
pufius,  the  Italian  navigator,  according  to  Kircker,  was  the 
firft  perfon  who  obferved  this  circumftance. 

In  Lichtenberg's  Magazine  for  the  lateft  Dlfcoveries  in 
Phyfics  and  Natural  Hiftory*,  we  find  the  following  de- 
fcription  of  this  phaenomenon  as  obferved  in  the  Baltic: — 
**The  phofphoric  phienomena  in  the  Baltic  generally  appear 
in  thedarkeft  nights,  with  an  undulating  motion,  in  the' track 
formed  by  veflels  in  their  progrefs  through  the  waves.  The 
water  fecms  to  emit  a  lively  light,  which  is  fometimes  of  a 
pale  red  colour,  and  has  the  refemblance  of  fparks.  Some- 
times it  exhibits  the  appearance  of  a  regular  ftream  of  fire  ia 

*  Vol.  II.  part  iv.  p.  48. 
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the  (hip's  wake.  This  phaenomenon  is  feen  fometimes  alfo 
when  the  wind  blows,  but  not  with  that  majeftic  appear- 
ance as  during  a  calm.  It  is  worthy  of  remark,  that,  when 
velltls  are  lying  at  anchor,  this  phaenomenon  is  obferved 
here  and  there,  darting  itielf  from  one  place  to  another 
with  great  vivacity,  behind  the  veffels,  even  when  they  make 
little  or  no  motion."  This  defcription  agrees  in  the  moft 
eflential  parts  with  that  of  Gcntil,  who  obferved  the  fame 
phcenomenon  in  the  Indian  feas,  particularly  in  the  channel 
of  Mozambique.  On  one  occafion  the  fea  appeared  to  this 
navigator  and  his  whole  crew  to  be  entirely  covered  with 
fire,  and  each  wave  to  confift  of  a  mafs  of  phofphoric  matter. 
The  (hip  feemed  as  if  moving  up  and  down  in  a  fiery  lake. 
Some  of  the  ropes  reflected  the  light  fo  ftrongly,  that  the  people 
on  board  could  have  read  by  it.  The  fire  of  Saint  Elmo  ap- 
peared alfo  at  the  fame  time  on  the  fummit  of  the  mainmaft  *, 

Boyle  t  fought  for  the  caufe  of  this  phaenomenon  in  cer- 
tain general  laws  of  the  earth,  or  of  our  planetary  fyftera ; 
but,  had  this  celebrated  philofopher  conlidered  the  fubje<ft 
with  a  little  more  attention,  he  would  have  found  that  it 
may  be  explained  on  much  better  principles. 

Father  BourzesJ,  during  his  vo}age  to  India  in  the  year 
1704,  had  feveral  times  an  opportunity  of  obferving  the  lu- 
minous appearance  of  the  fea,  and  has  given  us  a  very  valu- 
able account  of  the  phaenomenon.  The  light  was  often  fo 
ftrong  that  he  could  read  by  it  the  title  of  a  boojc,  though  he 
flood  at  the  height  of  nine  or  ten  feet  above  the  furface  of 
the  water.     Sometimes  he  could  diftinguifli  the  luminous 

^  Nous  eumes  dans  ces  parages  de  fi  mauvsis  temps,  etentr'  autres  une 
nuit  fi  cp'^uvantable,  que  la  mer  fembloit  etrc  tout  en  feu :  chaque  lame 
€toit  pour  ainfi  dire  un  phofphoie  :  le  vaiileau  pareifiToil  eire  dans  un  etang 
de  feu.  Noui  etions  a  la  cape  fous  la  mifame  :  cetie  voile  refiechiflbit  la 
luinicre  de  la  mer  a  un  point,  qu'on  elit  dit  qu'elle  etoit  eclairee  par  1» 
lumiere  d'un  tres  grand  nombre  de  fauaux ;  et  on  etit  pu  lire  aupres  de 
la  relinque  de  cette  voile,  a  la  faveur  de  cette  lumiere  reflechie  de  la 
mer,  Le  feu  de  St.  Elme  parut  un  inftant  au  haul  du  grand  mkx..— -Voyage 
djnj  le,  Mtrs  d'lnde.  Vol.  I.  p.  687. 

t  Ph.iofophital  Tranfaftious,  Vol.  LIX,  p.  450, 

X  Lettrei  edifianies,  Vol,  IX.  Piiiiofophical  Tranla£liou«  abridged. 
Vol.  V.  p.  J  J  3, 
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parts  from  thofe  that  were  not  fo  in  the  fliip's  wake.  Th« 
former  exhibited  in  part  luminous  points  and  in  part  fmall 
luminous  globules,  fome  of  which  were  from  one  to  two 
lines  in  diameter,  and  others  as  large  as  a  man's  head. 
Sometimes  they  formed  ftreaks  from  three  to  four  lines  in 
length;  and  one  or  two  lines  in  breadth  :  lometimes  they  re- 
femblcd  luminous  vortices,  which,  according  to  the  a'ithor's 
exprefTion,  appeared  and  difappeared  fuddenly  at  certain  pe- 
riods, like  flafhes  of  lightning. 

Father  Bourzes  obferved  alfo,  that  the  pafTage  of  fifh 
through  the  water  was  marked  by  a  ftream  of  light,  fo  that 
it  was  often  poffible  to  diftinguifli  their  fhape  and  fize.  He 
remarked  a' lb  a  nimiber  of  luminous  particles  in  the  water 
drawn  up  from  the  fea,  when  he  ftirred  it  round  with  his 
hand  in  a  dark  place.  Thefe  luminous  particles  he  obferved 
alfo  on  a  piece  of  linen  which  he  had  dipped  in  fea-water, 
when  it  was  wrung  in  the  dark,  and  even  when  it  was  half 
dry. 

This  attentive  obferver  confiders  the  principal  caufe  of 
thefe  phsenomena  to  be  a  kind  of  greafy  vifcous  matter  in 
the  water  of  the  fea,  which  arifes  perhaps  from  putrefac- 
tion, becaufe  he  thought  that  the  water,  the  fatter  it  feemed, 
and  the  more  covered  with  fcum,  alwavs  emitted  the  more 
light.  In  confirmation  of  this  opinion  he  ftates,  that  having 
caught  a  bonetta,  its  mouth  appeared  fo  luminous  in  the  in- 
fide  that  he  could  fee  to  read  a  book  by  it.  On  fexamina- 
lion,  th(.'  mouth  of  the  fifli  was  found  to  be  full  of  a  vifcous 
inatter,  which  being  rubbed  dver  a  piece  of  wood,  the  latter 
became  alfo  luminous  in  the  dark,  but  the  light  it  emitted 
ceafed  as  foon  as  the  matter  became  dry. 
;  The  experiments  of  Canton,  mentioned  in  the  Philofo- 
phical  Tranfatlions  *,  feem  to  coincide  perfeAly  with  the 
above  defcription  of  father  Bourzes.  I  fl)all  therefore  give 
^  fhort  account  of  them,  as  they  are  the  moft  accurate  w« 
have  on  the  fubjeft.  On  the  evening  of  the  14th  of  June 
1768,  Mr.  Canton  pul  fome  frefh  whitings  into  fea- water, 
and  found  that  they  emitted  light  for  twenty- four  hours.  In 
the  eellar  where  li€  depofited  the  veflel   which  contained 

g  *  Vol.  LIX,  p.  446. 
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them,  Fahrenheit's  thermometer  ftood  at  54".  The  water 
itfelf,  when  at  reft,  was  quite  dark;  but,  when  a  ft.ck  was 
drawn  through  it,  the  whole  part  through  which  the  ftick 
had  pafled  became  kmiinous,  and  no  light  appearea  any 
^vhere  elfe.  When  he  agitated  the  whole  water,  it  became 
luminous  throughout.  When  the  fi(h  had  lain  in  the  water 
lortv-elaht  hours,  it  was  then  brighteft  :  at  the  end  of  three 
days,   though  ever  fo  much  agitated,  it  emitted  no  more 

\hc  fea  water,  however,  exhibited  a  much  more  luminous 
appearance  when  a  herring  was  placed  in  it.  The  third 
picrht  it  was  fo  ftrong,  that,  when  ftirred,  a  perfon  could  tell 
bN^it  the  hour  on  a  watch;  and  at  thofe  moments  the  fifh 
feemed  to  be  an  opake  body.  After  this  period  the  light 
decreafed  more  and  more,  but  it  Hill  continued,  in  fome 
degree,  till  the  feventh  night. 

Another  veflfel  containing  frefli  water,  into  which  a  frefit 
herrino-  was  put  in  the  like  manner,  continued  entirely  dark, 
without  emitting  the  leaft  trace  of  light.  The  thermometer 
(luring  the  time  ftood  always  above  60°. 

River  water,  in  which  fait  was  diffblved  till  it  appeared  by 
3  hydrometer  that  it  had  acquired  the  gravity  of  fea  water, 
exhibited  the  fame  phenomena  as  water  brought  from  the 
fea :  in  water  to  which  more  fait  was  added,  the  fifti  emitted 

po  light.  r  c-     T  u 

It  appears  from  thefe  experiments  and  thofe  ot  Sir  John 
Tringle  *  that  the  fait  in  fea  water  promote?  putrefaafon ; 
and  that  therefore  the  luminous  appearance  of  fea  water  arifes 
from  fL  difpofition  to  putrefaaion,  or' a  commencement  of  it. 
Experiments  on  the  (hining  of  fifh  in  fait  water  have  beem 
made  alfo  by  other  philofophers  befides  Canton  :  among  thefe 
we  may  mention  thofe  of  Boyle  and  Dr.  Beal  in  the  Philo- 
fophical  Tranfaaions  f,  and  thofe  of  Martin  in  the  Tranfac- 
tions  of  the  Swedifli  Academy  t,  all  of  which  feem  to  con- 
firm, in  a  greater  or  lefs  degree,  that  the  luminous  appear- 

*  Experiments  on  Septic  and  Antifeptic  Subftances. 

+  Philofophical  Tranfaaions,  No.  31,  p.  581';  and  No.  13,  p.  tz6. 
1  SwedKh  Tranfaftions,  Vol.  XIII.  p.  215. 

*  ance 
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ance  of  fca  water  is  owing  to  a  commencement  of  putrefac- 
ti,on  *. 

Another  circumflance  which  has  been  proved  by  thefc 
obiervations  is,  that  heat  deprives  putrid  bodies  of  their  lu- 
Kjiiious  property.  This  circumftance  did  not  efcaj^e  Canton ; 
for  he  remarked  that,  though  a  ftrong  fumtner  heat  pro- 
moted putrefa(Slion,  a  heat  twenty  degrees  higher  than  that 
©f  the  blood  fecmed  to  prevent  it.  This  he  difcovered  by 
the  following  experiment : — -He  put  a  fmall  piece  of  a  fiflj 
which  had  become  luminous,  into  a  globe  of  thin  glafs, 
immerfed  it  i-n  water  heated  to  ii8°  of  Fahrenheit,  and  ob- 
fcrved  that  it  was  deprived  of  its  luminous  property  in  lef» 
than  a  minute :  on  being  taken  from  the  water,  however,  it 
recovered  its  luminous  property  in  ten  feconds,  but  the  light 
it  emitted  was  not  fo  ftrong  as  before. 

Spallanzani  does  net  agree  in  opinion  with  Canton,  that 
the  luminous  appearance  of  fifli  arifes  from  putrefa6ti6n  f. 
He  repeated  Canton's  experiments  with  a  variety  of  fifli, 
but  he  fncceeded  only  with  a  very  few  of  them.  Thofe 
which  did  not  emit  lioht  he  found  in  general  to  be  the  fat- 
tt^iy  though,  according  to  Canton,  thefe  ought,  above  all 
others,  to  cornmunicate  a  luminous  appearance  to  fea  water. 
Another  circumftance,  which  feems  contrar)^  to  Canton's 
h3rpothefis,  is,  that  if  the  no6lurnal  luminous  appearance  of 
the  fca  were  occafioncd  by  the  oleaginous  remains  of  putrid 
£(!>,,  as  thefe  remains  always  float  at  the  furface  the  light 
«)ti'ght  to  be  confined  to  the  furface  of  the  water ;  which  ex- 
perience (hows  not  to  be  the  cafe. 

Vianelli,  a  phyfician  of  Chiogjria  in  the  neighboiyhood 
©f  Venice  I,  Grizzelini,  a  Venetian  phyfician,  the  abbe 
NoU'et  §,  and  Dr.  i'rieftley,  alcribe  the  luminous  appearance 

*  That  fcvtral  kinds  of  fifh,  fucii,  for  example,  as  the  Jc/.u,,  fliine  in 
die  dark,  is  well  known. 

f   Memoric  di  Matcm^tica  c  Fifica  della  Soc. Ifaliana,  Vol.  Tf.  p.  6c>3. 

*  Nxiove   Scoperie   intorno   le   Luci    notturiie  dell'  Aqua  Marina.— 

§  Nouvclles  Obfcrvat.  fur  la  Scolopendre  Marine,  and  the  abbe  Nollet, 
io  the  Memoiies  de  I' Acad,  des  Sciehcts  1750,  p.  88. 

of 
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pf  the  fea  to  phofphoric  infc6ls  *.  The  abbe  Nollet,  in  par- 
ticular, while  at  Venice  in  the  year  1749,  paid  great  atten- 
tion to  this  pha:nonienon,  and  was  confirmed  in  his  opinion 
"by  the  following  obfervation  : — Having  remarked  that  the 
fea  water  in  the  harbour  of  Pnrtofino  emitted  a  ftrong  light, 
he  lay  down  on  the  edge  of  the  water;  and,  ftrctching  his 
feead  over  it,  he  faw  thefe  infefts  fpring  up,  as  infe6:a  in  ge- 
neral do,  from  the  bottom  of  the  water,  which  was  covered 
with  fea-weeds.  When  he  attempted  to  catch  them  in  his 
handkerchief,  he  found  on  it  only  luminous  fpots,  which  he 
could  fpread  over  it  with  his  finger. 

Le  Roi,  during  a  voyage  up  the  Mediterranean,  obferved 
that  the  head  of  the  iliip,  as  it  pafled  through  the  waves, 
threw  up  in  the  daytime  a  multitude  of  fmall  particles,  which 
at  night  had  a  fiery  appearance  f.  He  is  not,  however,  in- 
clined to  afcribe  this  phrenomenon  to  infefts,  becaufe,  having 
colle<fied  fome  of  thefe  luminous  particles  in  his  handker- 
chief, he  found  them  to  be  round  bodies  like  pin-heads, 
without  any  appearance  of  animal  organs,^  though  he  exa- 
inined  them  with  a  niicrofcope.  But  lie  does  not  deny  that 
there  are  luminous  infects  in  the  fea,  though  he  is  of  opinion 
that  its  luminous  appearance  arifes  from  fome  other  caufe, 
which  he  does  not  further  explain. 

Fougeroux  de  Bondaroy^  and  father  Torrubia§  afcribe 
the  caufe  of  the  luminous  appearance  of  the  fea  to  a  multi- 
tude of  fmall  ncreids,  the  hinder  parts  of  which  the  former 
found  to  be  endowed  with  the  property  of  emitting  light. 
This  is  the  cafe  in  particular  with  the  ?i^ri;2s  no^ilucahmn.^ 

'^  Some  of  the  fcolopcndrse,  z%  the  fcohp.  eifSlnca  and  the  feel,  phof- 
fhorc^i  L.  really  fuiae  in  the  night-tiine.  According  to  Habiitzl  (ice 
Gotb.  Mag.  Vol.  II.  P:^rc  4,  No.  15,9),  a  cable  drawn  up  from  the  lea 
emitted  a  very  lively  light,  which  arofc  from  its  being  covered  with  the 
fea  flen  {^carx:r  piilcx);  a  pruof  that  thof.;  animals  fliine  in  the  dark. 

t  Obfervat.  fur  uiie  Lumiere  produite  dans  la  Mer,  in  the  Memoires 
prefentces,  Vol.  HI.  p.  144. 

X  Sur  la  Lumiere  que  donne  I'Eau  de  la  Mcrprincipalement  dans  lesLa- 
gunes  de  Venife,  in  the  Mem.  de  I'Acad.  dcs  Sciences.   Paris  1767,  p,  120. 

§  Vorbereitung  ziir  Naturgcfchichte  von  Spanien.     Halle  1773.  410. 

[J  See  Linn.  "Syft.  Nat.  Vo^  I.  edition  13.  p.  10S5;  alfo  his  Amce- 
Aitat.  Acad.  Vol.  ill.  p,  203.  tab.  3. 
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The  celebrated  ForlTcal,  who  accompanied  Niebuhr  as  lia 
turalift  ill  his  travels  thniufrh  Arabia,  havincr  cauoht  a  great 
number  of  marine  animals,  among  which  there  were  dif- 
fer€nt  kinds  of  meduJcBy  put  lome  of  them  into  a  bucket  full 
of  water.  After  keeping  them  fome  time,  he  threw  the  con- 
tents of  the  bucket  from  a  window,  in  the  dark,  and  obferved 
that  all  thofe  places  where  the  water  fell  feemed  to  be  co- 
vered with  fparks  of  fire.  He  made  feveral  experiments  on 
this  fubje6l,  all  of  which  convinced  him  that  the  luminous 
appearance  of  the  fea  arifes  from  infefts.  Bartholinus  alfo, 
and  Donati,  afcribe  the  luminous  appearance  of  the  fea  to 
marine  worms  {mohifcce), 

Silberfchlag  afcribes  the  luminous  appearance  of  fea  water 
to  phofphorus,  the  component  parts  of  which  may  exift  in 
the  fea  as  well  as  in  the  atmofphere.  It  is  not  improbable 
that  feveral  kinds  of  worms,  which,  according  to  various 
obfervations,  have  been  confidered  as  luminous,  may  be  in- 
d.ebted  for  that  property  to  marine  phofphorus  adhering  ta 
them.  It  has  be^n  found,  by  repeated  obfervations,  that  the 
water  of  the  fea,  even  at  the  depth  of  forty  feet,  is  phofpho- 
refcent;  and  the  abbe  Spallanzani  is  therefore  inclined  to 
believe  that  this  is  the  cafe  alfo  at  every  depth.  Refpeding 
the  luminous  appearance  of  the  fea  water,  however,  he  gives 
no  decifive  opinion,  and  confiders  every  thing  hitherto  faid 
on  the  fubjeft  as  mere  conjeilures. 

Mr.  Erich  Schytte  remarks,  that  when  fea  water  is  con- 
verted into  ice  it  retains  its  luminous  property ;  and  that, 
when  fea  water  is  diitilled,  the  luminous  matter  does  not 
pafs  over,  but  remains  behind  in  the  ftill. 

ProfelTor  J.  Mayer,  in  a  paper  publiflied  in  the  Tranf- 
aftions  of  the  Royal  Bohemian  Society  on  the  luminous 
appearance  of  the  Adriatic,  fays,  that  the  water  at  the  furface 
feems  to  imbibe  the  rays  of  light  in  the  fame  manner  as  a 
light  magnet.  This  luminous  appearance  is  obferved  more 
at  the  furface  than  at  any  depth  in  the  water,  and  difappears 
when,  by  violent  agitation  of  the  waves,  the  water  at  the  fur- 
face becomes  mixed  with  that  below.  This  author,  however, 
is  of  opinion,  that  there  are  in  the  water  foreign  particles 
which  emit  a  ftronger  light,  and  which  may  be  feparated 
9  from 
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from  it,  but  there  are  no  proofs  that  eleclricily  has  any  fharc 
in  the  phaenonienon. 

M.  Bajon,  on  the  other  hand,  confiders  the  huninons  ap- 
pearance of  the  Tea  as  eleftric,  and,  in  fupport  of  this  opinion, 
remarks  that  it  is  never  obferved  but  when  fridion  is  pro- 
duced bv  fonic  bodv  paHing  over  or  through  the  water.  For 
this  reafon  the  iiirht  is  alwavs  feen  very  (troug  around  fliins, 
and  whene  orreat  numbers  of  fifli  are  collected  together.  The 
action  of»the  atni(if})her€  may  alfo  excite  this  light  at  the 
lurface  of  tiic  fea.  Tt  is  promoted  by  a  north  wind,  aud  is 
interrupted  by  a  fouth  wind,  as  well  as  by  damp  weather, 
Sec.  This  opinion,  in  the  mod  efleniial  parts,  agrees  per- 
fectly with  that  of  M.  De  la  Perrier,  and  of  J.  R.  Forller. 

M.  Le  Gentil  alfo  concludes,  from  obfervations  made  in 
the  Indian  fcas,  that  this  phenomenon  is  produced  by  the 
electricity  of  the  fea  water;  for  he  obferved  it  onlv  undcf 
certain  cafes ;  as  for  example,  when  the  heavens  were  filled 
with  clouds,  and  the  iea  high,  and  much  agitated.  He  ob- 
ferved it,  hov.ever,  durino-  calms ;  but  tins  was  never  the 
cafe  except  when  a  ftorm  was  to  be  apprehended.  As  long 
as  the  Itorm  continued,  the  fea  had  a  luniinous  appearance; 
but  as  foon  as  it  was  over,  the  light  ceafed.  When  the 
weatiier  was  in  the  ufual  ftate,  that  is  to  fay,  when  the 
winds  were  regular,  even  though  thcv  were  ftrong  and  the 
fea  rough,  he  obferved  nothing  of  the  phasnomenon.  He 
failed  upwards  of  fix  hundred  leagues  with  a  ftrong  weft 
wind  and  very  high  fea,  but  did  not  obferve  the  leaft  fpark 
of  light.  Thev  appeared  moft  abundant  in  winter,  which  is 
the  period  when  the  winds  change,  and  wken  ftorms  and 
hurricanes  take  place.  jM.  Le  Gentil  aflerts  that  at  this 
period  of  the  year  he  never  wilhed  to  obferve  the  fea  lumi- 
nous, becaufe  he  confidcred  it  as  a  fign  of  bad  weather,  and 
could  always,  with  certainty,  forctel  by  it  when  a  change 
was  to  take  place.  This  phsenomenon  is  more  common  in 
the  Indian  feas  than  in  thofe  parts  on  this  fide  of  the  Cape, 
between  America,  Europe,  and  Africa.  M.  Le  Gentil 
afcribes  the  electricity  of  the  fea  to  the  dafliing  of  the  waves 
againfl:  each  other,  which  muft  naturally  produce  fri6tion. 

I  hope  I  fliall  be  forgiven  if  I  here  add  the  foUowinsr  va- 
VoL.  VIII.  ^  P  luable 
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Iiuble  obfervations  on  this  fubje£l  by  profeflbr  Forller,  of 
Halle.  This  celebrated  navigator  and  naturalill  oblerved  ibis 
pbainonienon  on  tlie  night  of  the  Sytb  of  October  1772, 
during  a  frcfli  gale,  a  iew  miles  from  the  Cape  of  Good 
Hope.  He  faw  alfo  a  great  quantity  of  fmall  luminous  bodies 
floating  on  the  fca,  fome"  of  them  near  and  others  at  a  con- 
fiderable  diltance  from  the  (hip.  He  caufed  fome  of  the  iea 
water  to  be  hauled  up  in  a  bucket,  in  which  he  found  an 
immeufe  number  of  fmall  globules  which  moved  with  great 
rapidity.  When  the  water  was  fuffered  to  (land  fome  time 
at  reft,  thcfe  luminous  globules  became  lefs  numerous  5  but, 
when  agitated,  thcv  refumed  their  luminous  property.  Mr. 
Forder  found,  when  he  examined  fome  of  thefe  globules, 
that  they  had  life  and  organifation,  but  they  died  before  he 
could  wafh  them  from  his  flno-ers. 

Profeilbr  Forfter  diftingiiiflics  three  kinds  of  light  in  the 
fea,  which  fcems  to  agree  pretty  well  with  the  beforemen- 
tioned  obfervations.  The  firft  kind,  he  fays,  muft  be  afcribed 
to  eleclricity,  becaufe  the  quick  motion  of  fhips  through 
the  water,  eipecially  when  the  wind  is  llrong,  occafions  a 
violent  friction;  and  becaufe  tliC  agitation  of  the  waves  pro- 
duced by  the  wind  heats  the  waves  more  than  the  atmo- 
fphere  above  them.  The  refin,  pitch,  and  tar,  with  which 
the  outfide  of  fliips  is  covered,  and  the  conducting  property 
of  water,  render  the  probability  of  this  phienomcnon  being 
connected  with  eletitricity  Itill  ftronger. 

The  fecond  kind  of  light  appears,  in  a  proper  fenfe,  to  be 
phofphoric.  A  great  many  animal  bodies,  by  putrefying  ia 
the  fea,  become  decompofed,  and  confequently  their  com- 
ponent parts,  and  particularly  the  phofphoric  acid,  arc  dif- 
engaged.  An  addition  of  inflammable  matter  forms  with 
this  acid  that  mixture  which  is  commonly  ^nown  by  the 
name  of  phofphoms  *.  Thus,  flfli  which  are  dried  in  the  air 
become  fometimes  phofphoric  ;  and  this  is  the  cafe  with  the 
ocean  itfelf,  when,  after  a  long  calm,  it  has  been  filled  with 

*  Profcilor  Fo  ftcr's  reafoning,  here  quoted,  is  agreeable  to  the  old 
tjitory.  We  ii.ivc  no  right  to  alter  his  words ;  and  it  will  be  feen  by  our 
chemical  readers  tiiat  the  fadts  might  as  eafily  be  accommodarcd  to  the 
jTiodcrn  theory. 

putridity 
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putridity  and  corruption;  as  heat  and  tranquillity  contribute 
to  promote  the  Ipeedier  folutioii  otcuilnial  kibltanccs.  FiOi, 
as  well  as  gelatinous  animals,  contaui  oily  and  inflammable 
particles,  with  which  the  liberated  ph^lphoric  acid  may  rea- 
dily unite  and  form  a  phofphorns  on  the  lurface  of  the  lea, 
and  give  rife  to  this  wonderful  phaMiomcnon. 

The  third  kind  of  light  arifcs,  no  doubt,  from  living  ani- 
mals which  float  in  ti^e  fea,  and  mutt  be  produced  by  their 
peculiar  organifaLion^  or  rather  their  component  parts,  udiich 
delcrve  to  be  better  examined  by  chemical  experiments. 

Thele  eonjeclures  of  Dr.  Forfter  contain,  in  my  opinion, 
the  mofl:  fatista«ilory  explanation  of  this  phscnonienon.  All 
the  effects  of  it  hitherto  obfcrved  may  be  referred  to  fome  of 
the  above-mentioned  caufes ;  and  the  geneial  conclufion  that 
may  be  deduced  from  them  is,  that  as  thefe  ctTccls  have  been 
kcw  under  different  ciicumllances,  they  mufl  be  explained 
by  different  caufes. 


I 


II.  0?i  fhe  SiuhmerJiQ-n  of  SiuaUozus  in  Autumn. 


N  our  fourth  Volume,  p.  414,  we  laid  before  our  readers 
an  interciling  letter  (m  this  fubjcc^  from  Mr.  Peter  Cole  to 
Dr.  Mitchill  of  New  York,  to  which  we  refer.  Such  rela- 
tions are  often  queftioned;  but  in  naiural  hiflory,  as  in  other 
branches  of  fcience,  the  evidence  of  pofitive  facts  is  never  to 
be  controverted  by  mere  inferences  from  other  fuppoled  or 
real  phenomena.  Mr.  Cole  is  a  gentleman  whofe  veracity 
will  not  be  queftioned  by  thofe  who  know  him,  and  we  have 
therefore  no  right  to  doubt  the  truth  of  former  relations  of 
a  flmilar  nature  merely  becaufe  we  know  not  no~jj  the  cha- 
rafter  of  the  relaters.  The  late  Hon.  Daines  Barrington  took 
the  trouble  to  collect  a  number  of  teflimonies  of  flmilar  fub- 
merfions  oblerved  in  England,  which  were  publiflied  in  the 
Philofophical  Tranfai'^ions,  and  we  fubjoin  ajiother  teftimony 
of  fuch  phenomena  being  obferved  111  the  New  World. 

'•  Ntw  York,  I  Sin  July  iSoo. 

"  On  the  afternoon  of  the  24th  of  Auguft  1798,  I  was 
fitting   in  my  parlour,    which    looks   towards   the   North 

P  %  Eiver, 
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River*,  about  fifty  feet  from  the  bank,  in  company  with  our 
mutual  friend  Mr.  Jacob  Sebor.  Our  attention  was  attracted 
by  numerous  flights  of  birds,  which  appeared  to  come  acrofs 
the  town  from  the  eaftward,  and  defcend  immediately  into 
the  river.  So  Angular  an  appearance  excited  our  particular 
obfervation.  We  went  out  and  ftood  clofc  to  the  bank,  and 
then  perceived  that  what  we  at  firft  imagined  to  be  black 
birds  were  at'lually  fwallows ;  and  that,  as  foon  as  the  va- 
rious flocks  had  cleared  the  houfcs,  and  got  direftlv  over  the 
river,  they  plunged  into  the  water  and  difappeared.  This 
was  not  confined  to  the  vicinity  of  the  place  where  we  flood, 
but  was  the  cafe  as  far  as  the  eye  could  reach,  up  and  down 
tile  river,  and  continued  without  ceflation  for  nearly  two 
hours,  when  the  clofing  of  the  evening  prevented  our  further 
obfervation. 

*'  Aware  of  the  importance  of  afTording  any  additional 
information  on  this  long  difputed  queftion  in  the  natural  hif- 
tory  of  the  fwallow,  I  procured  a  tclefcope,  and  watched  at- 
tentively many  of  the  flocks  from  their  firfl  appearance  until 
their  immcrfion,  continuing  mv  eye  fi.vcd  upon  the  fpnt  long 
enough  to  be  fully  conxinced  that  not  one  of  the  birds  re- 
turned to  the  furflice  again.  Indeed,  one  flock  of  about  two 
hundred  birds  plunged  into  the  water  within  thirty  yards  of 
lis,  and  inftantly  difappeared,  v.ithout  the  Icaft  appearance 
of  oj  pofition  that  might  be  expecl'.d  to  arife  from  their  na^ 
tural  buoyancy;  and  at  the  fame  lime  the  evening  was  fo 
ferene,  and  the  river  fo  unruffled,  that  no  deception  of  our 
fight  could  poffibly  have  occurred. 

^'  When  the  birds  fird  came  in  view,  after  crofflng  the 
town,  their  flight  was  eafy  and  natural;  but  v. hen  they  de- 
fcended  near  to  the  water  they  appeared  much  agitated  and 
diftreflfed,  flying  in  a  cunfufed  manner  againft  each  other,  as 

*  The  hoi-'fe  of  Mr.  Pollock  is  fituated  near  the  margin  of  the  Hadfon, 
about  two  hundred  yard^  from  the  battery.  The  river  is  aboiu  a  mile  and 
a  half  wide,  and  from  feven  to  nine  fathoms  deep,  and  runs  with  a  ftrong 
and  rapid  tide.  Mr.  Pollock  does  not  recollect  the  fpecies  of  fwallow 
which  then  difapptnred.  The  barn  fwallow  {birunJo  niftica),  chimney 
fwallow  {hiviindo  pclufgia),  the  fand  or  bank  martin  {^hirundo  riparia)y 
snd  ths  purpie  martin  {hirurdo  fn'ipi^rfu) ,  slW  frequent  and  build  their  habi- 
utions  in  this  city  aud  its  neighbourhood. 

if 
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if  the  love  of  life,  common  to  all  animals,  impelled  them  to 
revolt  ngainil  this  law  of  nature  impofccl  upon  their  fpecics. 
*  As  Ibme  time  has  elapfed  fince  the  above-mentioned  facts 
occurred,  f  thought  it  proper,  before  I  gave  you  Mr.  Sebor's 
name,  as  having  been  a  wiinefs  to  tliem,  to  confull  his  rc- 
colledion  on  the  fubjeft,  and  I  have  pleafure  in  alTuring;  you 
he  diftinftly  remembers  every  circumftance  I  have  recited, 
and  of  which  1  made  a  memorandum  at  the  lime.'  It  may- 
be worthy  of  remark,  that,  as  far  as  my  obfervation  went, 
the  fwallows  totiilly  difiippeared  on  the  24th  of  Auguft  1798; 
for,  during  the  remainder  of  that  year,  I  did  not  fee  one. 

'^  H.  POLLOCK." 


\\\., Account  of  a  fatal  Accident  which  happened  to  a  Tra^ 
veller  on  the  Glacier  of  Buet ;  ivith  fome  Cautions  to  thofe 
ivho  through  Curio jity  may  vifit  the  Mount, litis  of  S-Lvifjer- 
land,  and  particularly  the  Glaciers,  By  INI.  A.  PiCTET, 
Profejor  ofPhilfophy. 


c 


[Cuncludcd  from  Pnge  61.] 


D'EYMAR,  in  confcqaence  of  a  report  from  two  offi- 
cers of  health,  refpecling  the  inconveniences  which  might 
arife  if  Efchen's  funeral  Ihould  be  deferred,  gave  the  necef- 
larv  orders  in  our  prefence  for  interring  the  bodv  in  a  proper 
and  decent  manner.  For  his  purpofe  we  made  choice  of  a 
fpot  which  would  neeeflarily  be  feen  by  every  traveller  going 
to  Chamouni,  and  even  by  thofe  who  might  afcend  the  gla- 
cier of  Buet  by  the  route  of  Servoz  and  Villy,  in  confequence 
of  the  intention  exprefled  by  the  prrefecl  that  a  monument 
erecled  over  the  grave  of  this  unfortunate  young  man,  with 
a  fuilable  infcription,  while  it  preferved  a  remembrance  of 
the  event,  might  forewarn  travellers  of  the  dangers  to  which 
ihey  would  be  expofed  in  traverfing  the  glaciers  without  taking 
proper  precautions,  and  without  paying  to  the  inlormation 
of  their  guides  that  attention  to  which  it  ought  to  be  enti- 
tled. While  preparations  were  making  for  the  interment, 
we  interrogated  C.  Deville  and  his  companions  with  mucli 
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intcrcft,  refpe6ting  their  expedition  to  the  glaciers,  and  the 
following  account  is  drawn  up  from  minutes  written  down 
at  the  time : 

'^  In  confequence  of  the  order  of  C.  d'Eymar,  prsefe»St  of 
Lenian,  C.  Jofeph  Maria  Deville,  after  caufing  a  harpoon  to 
be  forged,  and  providing  ropes,  fet  out,  accompanied  by  his 
two  fons  John  Claude  and  Bernard,  and  Jofeph  Ettle,  inn- 
keeper at  Servoz,  in  order  to  proceed  to  the  glacier  of  Buet 
in  fearch  of  the  ftranger  fwallowed  up  by  a  fiflure  in  the 
fnow.  Thev  left  Servoz  at  feven  in  the  eveniiig,  and  tra- 
velled the  whole  night. 

"  Having  arrived  on  the  glacier  at  dav-break,  they  imme- 
diately repaired  to  a  hut  built  of  flate  in  the  neighbourhood, 
called  Cattle  Piftet,  near  which,  as  they  were  informed,  the 
accident  had  taken  place.  They  oblerved  fome  (igns  of  a 
fifliire  covered  by  the  fnow,  but  there  was  no  aperture.  They 
however  continued  their  fearch,  and  about  two  in  the  after- 
noon Deville  found  in  the  fnow  a  hole  almoft  fquare,  about 
two  feet  in  extent  each  way,  but  of  which  they  could  not 
diltinguifli  the  bottom.  In  the  neighbourhood  there  ap- 
peared fome  figns  of  the  exillence  of  a  fifl'ure  beneath  the 
fnow. 

*'  By  means  of  a  ftone  tied  to  the  end  of  a  rope  in  the  form 
of  a  founding-line,  they  were  able  to  difcovcr  in  this  hole, 
at  the  depth  of  more  than  a  hundred  feet,  the  prelence  of  a 
body  of  a  nature  different  from  fnow  or  ice.  Thev  then  let 
down  the  harpoon,  which  feemed  to  have  laid  hold  of  fome- 
thino-,  but  which  brought  up  onlv  a  fingle  hair.  Bernard  the 
fon  then  propofed  lo  dcfcend  attached  to  a  rope,  which  he 
accordingly  did ;  and  when  he  arrived  at  a  depth  where  there 
were  only  eight  inches  diftance  between  the  fides  of  the  fif- 
fure,  he  was  able  to  touch,  with  a  ftaff  five  feet  in  length, 
the  head  of  the  dead  body  below  him.  He  then  caufed  him- 
felf  to  be  hoifi;ed  up,  becaufe  he  found  his  pofition  exceed- 
ingly confined,  without  having  power  to  move  any  of  his 
limbs. 

"  The  harpoon  was  again  employed,  but  it  brought  up 
nothing  except  fragments  of  the  clothes  and  a  hat.     Night 

came 
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came  on,  the  weather  was  cold,  and  the  travellers  were  wet. 
They  were  obliged,  therefore,  to  return  to  the  Chalets  de 
\'illy,  where  they  arrived  about  ten  at  night. 

"  Having  confulted  together,  they  refolved  to  return  to  the 
glacier,  after  fupplying  thcmfclvcs  with  fome  pieces  of  wood 
and  fonic  more  ropes.  They  fet  out  from  Villy  at  break  of 
day,  and  on  reaching  the  mouth  of  the  fiflure  they  con- 
ftruoted  a  kind  of  apparatus,  by  means  of  which  Deville  the 
father  was  let  down;  but  he  was  Itopped  by  the  narrownefs  of 
the  filTure,  the  fame  obftaclc  which  had  flopped  his  fon.  lie 
had  carried  down  with  him  a  Ihort-handled  hatchet,  by 
means  of  which  he  endeavoured  to  enlarge  the  paflage  to- 
wards the  place  where  the  body  lay,  in  order  that  it  might 
not  be  covered  by  the  fragments  of  the  ice.  He  defcended 
gradually  towards  it,  and  endeavoured,  but  in  vain,  to  move 
it,  as  it  was  fo  ftronglv  wedged  in  between  the  fides  of  the 
pit.  He  then  endeavoured  to  cut  the  ice  around  it,  and  at 
laft  difengaged  the  upper  part  of  the  body  in  fuch  a  manner 
as  to  be  able  to  fallen  a  rope  round  it  below  the  arms.  The 
body  was  in  an  erecl  pofition,  the  arms  raifed  up  to  the 
head,  and  the  face  turned  towards  the  left  (houlder.  It  was 
quite  frozen. 

"  Deville  then  called  out  to  the  affiftants  to  pull  the  rope, 
in  order  to  try  whether  it  was  polhble  to  ralfe  the  body,  but 
the  attempt  was  fruitlefs.  He  then  continued  to  clear  away 
the  ice  around,  which  he  at  length  accompliflied,  after  three 
hours  labour  with  his  hatchet.  When  this  was  completed, 
he  firft  caufed  himfelf  to  be  drawn  up,  and  then  the  body; 
by  this  time  it  was  five  in  the  evening. 

"  Search  was  then  made  in  the  pockets  of  the  deceafed,  m 
order  to  find  out  and  collect  all  his  property,  and  an  in- 
ventory of  them  was  fubjoined  to  the  prefent  minutes.  A 
fledge  was  made  with  fome  pieces  of  wood,  and  in  this 
manner  the  body  was  conveyed  beyond  the  glacier.  The 
brothers  Deville  then  carried  it  on  their  (lioulders,  in  turns, 
as  far  as  the  Chalets  de  Villy,  where  they  arrjved  at  ten  in 
the  evening.  It  was  then  placed  on  a  mule,  and,  after  reft- 
ing  an  hour,  they  again  fet  out,  and  arrived  at  Servoz  be- 
tween five  and  fix  ia  the  morning.  Bernard,  Deville's 
4  youngeP" 
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youngeft  fon,  being  worn  out  with  fatigue,  was  obliged  to 
remain  behind  at  the  Chalets  de  Villy»" 

Deville  hinifeU'was  entirely  exhauited ;  and,  indeed,  thofc 
who  refle6t  on  the  labour  he  had  to  endure  for  feveral  hours 
in  the  confined  place  in  which  he  was  fufpended,  and  the 
length  of  the  way  he  had  walked,  will  be  ailonillied  that  he 
could  hold  out  fo  long.  He  refufed  to  take  any  repofe  until 
he  had  afTidcd,  alongr  with  us  and  a  very  numerous  com- 
pany, at  the  funeral  obfequies  of  the  unfortunate  traveller. 
He  was  fpecially  charged  by  the  praefeft  to  caufe  a  temporary 
pyramid  to  be  raifed  in  order  to  mark  the  fpot. 

Tlie  comprefllion  which  the  unfortunate  young  man  had 
experienced  by  an  accelerated  fall  of  more  than  a  hundred 
feet,  in  a  fifl'ure  the  fides  of  which  approached  each  other  in 
the  form  of  a  wedge,  had  been  fo  violent  that  his  watch  was 
beaten  flat.  We  found  in  his  pockets  78  livres  in  money, 
and  the  third  volume  of  Saulfure's  Journev  through  the  Alps. 
Such  of  his  effects  as  were  of  any  value  were  given  to  Dcvilie, 
according  to  the  agreement  made  by  M.  ZimpfTen,  and  the 
pra^fedil  engaged  to  tranfmit  the  refl  to  his  relations.  We 
thought  proper  to  add  to  them  a  lock  of  the  hair  of  this  in- 
teredincT  youth. 

In  his  pocket-book  was  found  a  letter  which  he  had  begmi, 
written  in  German,  and  directed  to  his  father.  We  cannot 
refid  the  temptation  of  publifliing  fome  fragments  of  it ;  the\- 
difplav  a  juft  fpirit  of  obfcrvation,  and  great  fenfibiiitv  of 
mind  :  I  hope  his  unfortunate  parents  will  forgive  us  !  It  is 
the  part  which  we  take  in  their  grief  that  renders  us  perhaps 
indifcrete  in  publifliing  the  letter  of  the  fon  ;  but  we  vt-ifh  to 
make  our  readers  participate  in  their  regret,  and  to  announce, 
wherever  this  work  may  circulate,  what  kind  of  fon  thefe 
parents  have  lofl,  what  hopes  have  been  fnatched  from  them 
forever*. 

We 

'"  The  following  is  a  literal  tranflation  of  this  letter,  dated  Vevey, 
AugoC':  ~,  iI>oo: — "  You  fee,  my  dear  father,  by  the  date  of  my  letter, 
that  I  have  undertaken,  a  journey :  you  fee  alfo  that  this  journey  is  one 
of  the  moft  interefting  that  can  be  wiflied. 

**  I  fct  out  on  Tuefday  froin  Rumlingcn  and  on  W^cdnefday  from 
Berne,  and  I  fliali  not  rcturr"  to  my  preftnt  habitation  before  a  fortnight 
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We  left  Scrvoz  a  few  minutes  after  the  difnial  ceremony, 
•and  arrivLvi  about  midnight  at  Geneva,  having  our  minds 
and  hearts  filleri  with  tlie  events  of  our  jcjurney. 

One  of  the  daneers  to  which  IravclL-rs  are  expofed  in  thefe 
mountains  muft  be  ah-eady  known  to  mv  readers ;  but  this 
is  not  the  only  one,  and  a  fimple  enumeration  of  the  acci- 
dents which  have  laken  place  in  the  courfe  o^  a  few  years 
back,  will  exhibit  others  which  niav  fomei.mes  occur. 

One  of  our  countrymen,  young  and  aclivc,  having  ven- 
tured without  a  guide,  and  without  proper  flioes,  to  traverfe 
the  fteep  and  rockv  declivities  which  form  the  bafc  of  the 
needle  of  Charmoz  towards  the  glacier  called  Des  Boisy  was 
precipitated  into  one  of  thefe  ravines,  and  pcriflied. 

A  young  inhabitant   of  Zurich  having   afcended   to   the 

or  three  weeks,  v.hen  I  (hall  embrace  my  dear  and  beloved  pupils,  my 
Rudy  and  my  SopI;ia.  It  is  needlels  to  tell  you  that  I  travel  on  fcot, 
and  you  may  alio  gucfs  that  I  travel  in  company  with  a  friend  ;  for  the 
heart  and  mind  never  enjoy  the  moft  beautiful  afpedts  of  nature  but  when 
confcio'is  that  a  living  being  fympathifcs  with  us.  Every  thing  beautiful 
and  fublime,  in  order  that  it  may  make  3  deep  imprfelfion  on  the  foul  of 
man,  oi'ght  to  be  united  with  the  enjovment  of  love  and  friendiliip  .... 

*'  Scarcely  have  you  reached  the  canton  of  Fribourg  wlien  you  lofe  fyj^ht 
of  that  opvilence,.  civiliftition,  culture,  and  thofe  natural  beauties,  wh'uh 
dilhnguilh  the  canton  of  iJerne  ;  and  the  contrail  is  painful.  I  have  found 
here  a  confirmation  of  the  opinion  I  long  before  entertained  of  the  old 
govtrnment  of  Berne.  However  deficient  it  might  be  in  many  refpefts, 
it  was  inconieftably  fuperior  to  all  the  other  governments  of  Swifferland. 

*'  In  the  hermitage  (near  Fribourg)  there  is  now  living  an  old  hermit 
vith  a  long  white  beard  called  Lt:  Frtre  Jrs  B(y/s,  a  name  given  here  to 
hermits.  Though  pretty  far  advanced  in  vears,  he  is  ftill  very  freQi.  He 
fervcd  a  long  time  as  an  officer  in  a  Swifs  regiment  in  the  pay  of  Au- 
firia.  We  were  very  much  furpriftd,  when  v.e  afcended  towards  him, 
to  fee  hwn  coming  ftuwly  to  meet  us  acrof^  the  large  hall,  not  in  the  drufs 
of  a  hcrmir,  but  in  a  iiull.ir  uniform  ;  his  ihort  open  red  cloak,  bordered 
with  fur,  and  his  white-  breeches,  formed  a  co:itraft  with  his  long  fnowv 
beard.  He  received  us  with  great  kindnefs,  fpoke  to  us  in  French  and 
German,  complained  a  jrreat  deal  of  the  depravity  of  the  prefent  age,  and 
told  us  that  it  was  not  futficient  to  pray,  it  was  necefifary  to  a£l,  &c.  He 
congratulated  himfelf  oa  the  tranquiliitv  of  his  life,  his  habitation  being 
at  a  diftance  from  all  buftle,  and  his  eaib  being  affailed  by  no  noifij  except 
th'.t  ccc.niioned  by  the  fall  of  a  neighboi>ring  torrent,  and  the  Tinging  of 
birds.'' 
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fummlt  of  an  infulated  rock  which  terminates  the  mountain 
of  Baime  to  the  north,  and  at  a  little  diftance  from  the  neck 
or  paffage  of  that  name  which  condufts  from  Chamouni  to 
the  Valais,  becoming  giddy,  made  a  falfe  Itep,  and  was  daflied 
to  pieces  at  the  bottom  of  the  precipice. 

A  Genevefe  familv,  who  had  crone  to  vifit  the  ice  cave  of 
Arveron,  and  who  happened  to  be  there  at  a  time  when 
the  arch  fell  down  in  fucceflive  fragments,  in  confequence, 
it  is  faid,  of  a  piftol  being  fired,  having  been  fo  imprudent 
as  not  to  retire  in  proper  time,  while  the  accumulated  ice 
obftrucled  the  torrent,  one  of  the  fans  was  cruflied  to  death 
by  the  falling  blocks  of  ice,  and  hurried  away  by  the  waves  j 
another  was  feverely  wounded ;  and  the  father,  after  both 
his  legs  were  broken,  efcaped  from  deltruclion  only  in  a 
manner  almoft  miraculous. 

Thefe,  however,  arc  the  only  unlucky  events  which  have 
taken  place  for  a  long  time  in  a  country  vifited  by  many  of 
the  curious,  who  are  fometimes  imprudent.  It  may  readily 
be  believed  that  none  of  thefe  accidents  would  have  hap- 
pened, had  thofe  who  fell  victims  to  them  liftened  to  the 
voice  of  con:imon  [)rudcnce,  which  would  dictate  nearly  as 
follows : 

That  there  is  very  little  merit  or  glory  in  expofmg  one's 
life,  through  oftentation,  in  ouler  to  difplay  a  courage  in 
which  the  mod  connnon  rope-dancer  will  always  be  fuperior 
to  the  traveller  who  attempts  to  give  proofs  of  his  good  heac] 
or  agility  in  attempts  more  or  Icfs  dangerous. 

That  no  one  ought  to  think  of  traverfing  thefe  mountain? 
except  when  conducted  by  a  rohufi,  prudent,  and  experienced 
guide.  Nothing  can  be  more  treacherous  and  deceitful  than 
thofe  things  which  ajipear  eafy  when  feen  at  a  diftance; 
thofe  apparent  paffages,  in  which  travellers  are  gradually  in- 
volved, without  refieAing  that,^if  they  are  at  lalt  ftoppcd  by 
fear,  or  by  the  impofnbility  of  proceeding  further,  this  fear 
will  double  the  difnculty  of  retreating,  becaufe  it  deftroys  that 
coolnefs  which  is  neceflary  for  extricating  one  from  difagree- 
able  fnuations.  I  have  more  than  once  experienced  that  it 
is  poffible  to  recover  this  coolnefs  by  refolving  to  look  only 
•forwards,  and  endeavouring,  by  an  effort  of  the  imagination, 

to 
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to  fuppofe  that  vou  arc  walking  merely  on  the  highway,  or 
flepping  from  one  ftone  to  another,  or  along  the  top  of  a 
ftone  Icnce  in  order  to  avoid  wetting  your  feet. 

In  a  word,  it  is  neccflary  to  place  the  moft  implicit  con- 
fidence in  the  cautions  of  your  guide.  Men  of  that  clafs, 
when  they  accompany  a  traveller,  lie  under  the  weight  of 
great  refponfibility.  If  an  accident  fliould  take  place  through 
their  fault,  it  would  ruin  their  reputation  ;  and  on  this  re- 
putation their  maintenance  depends.  The  guides,  therefore, 
are  interefied  by  one  of  ihole  motives  which  are  dearefl  to 
man,  to  give  s;ood  advice;  and  the  traveller  ought  to  obev  it. 
From  thtfe  precautions,  which  may  be  called  moral,  I  fhall 
now  proceed  to  the  phvfical. 

The  moft  cil'cntial  of  all  is  proper  flioes.  Three  kinds  of 
difficult  declivities  are  found  on  the  Alps — rocks,  declivities 
of  ice,  and  thofe  covered  with  grafs,  which  are  more  flipperv 
than  ice  when  the  fole  of  the  flioe  i>  fmooth,  as  it  generally 
becomes  by  walking  over  them.  The  ufe  of  cramp-irons 
either  on  the  heel,  as  Sauffure  recommends,  or  placed  acrofs 
the  fole,  as  they  are  ufed  bv  fome  of  the  mountaineers,  will- 
render  travelliny;  over  thefe  declivities  fecure  to  a  certain 
degree  :  but  thev  nuift  often  be  pCit  on  and  taken  o9,  becaufe 
they  render  walking  more  or  lels  cumberfome;  which  is  a 
greajt  inconvenience.  I  have  found  fo  much  utility  in  an 
invention  whicli  I  fubfiitute  for  them,  that  I  do  not  hefitate 
to  recommend  it  to  thofe  fond  of  viliting  thefe  romantic 
fcenes. 

The  traveller  mnft  provide  ftrong  flioes,  the  foles  of  which 
arc  at  leaft  fix  lines  in  thicknefs,  and  having  the  upper  lea- 
ther and  quarter  double  to  a  certain  height  around  the  fole. 
The  upper  leather  muft  be  exceedingly  pliable,  in  order  that 
it  mav  nowhere  hurl  the  foot,  and  the  flioes  fliould  be  tried 
leveral  limes  in  fiiort  excnrfions  before  a  long  journey  is  un- 
dertaken with  them.  Nails  of  tempered  lleel  muft  be  pro- 
vided, the  tails  of  which  form  a  fcrew  ;  their  heads,  not  lefs 
than  four  lines  and  a  half  in  diameter,  muft  be  cut  into  the 
form  of  a  fquare  pvrauiid,  which  will  have  two  points  in 
confequence  of  the  notch  cut  into  each  for  receiving  the 
Cprcw-driver  to  fix  them  in  th.e  fliocs.     Twelve  of  thefe  nails 

0^3  XJlLlft 


Xi6  Faiiil  Occident  which  happened  to 

muf}  he  put  into  cnch  folc,  viz.  fevcn  around  the  fore-part, 
di!])(ifed  at  equal  diilanccs,  and  five  around  the  heel,  as  near 
the  edge  of  the  fole  as  polTihle  without  endangering  the 
hunting  of  the  leather.  The  interval  hetween  ihefe  nails 
ought  to  he  fdled  up  with  common  large-headed  nails,  fo 
clofe  that  their  heads  may  touch  each  other. 

Sh;-es  of  this  kind  will  cnfure  fafety  to  the  traveller  in  all 
places  of  difiieuUy ;  the  nails  will  hold  on  granite  as  well  as 
on  the  grafs,  will  oceafion  no  inconvenience  in  the  plains, 
and  will  lad  for  a  long  time.  When  the  (leel  heads  become 
worn  down,  others  may  be  fubflituted  in  their  place.  T\\c 
firft  flioes  of  this  kind,  which  I  caufed  to  be  made  a  dozen 
years  ago,  and  which  I  have  frequently  employed  during 
that  period,  are  (till  fit  for  fervice. 

A  daft",  five  or  fix  feet  in  lencrth,  fliod  with  iron,  is  alfo 
ufeful  to  ihofe  who  traverfe  the  alaciers,  cither  for  founding 
the  deceitful  fnow  which  covers  the  fifiiires,  or  for  walking 
u'ith  more  fafety  over  the  (lippcry  ice.  Staves  of  this  kind, 
ready  prepared  bv  the  guides,  may  be  found  at  Chamouni. 

When  the  traveller  has  to  afcend  for  a  confiderable  time, 
it  is  a  had  plan  to  be  defirous  of  hurrying.  By  thcfe  means 
the  traveller  becomes  heated,  and  lofes  breath,  and  his  pro- 
grcfs  is  more  retarded  than  he  expecled.  The  guide  mud 
he  ordered  to  walk  foremod ;  and  it  will  he  necefiary  to  he 
diieficd  by  his  deps,  which  are  meafured,  as  it  were,  in  ca- 
dence, and  to  (lop  from  time  to  time,  but  vvithout  fitting 
down,  and  u  ithout  ludling  too  long  to  catch  cold.  He  may 
afcend  in  *his  manner,  without  flopping,  200  fathoms  per- 
pendicular height,  and  that  is  enough.  Jle  mud  pull  off 
his  cost  when  lie  begins  to  perfpire,  and  carry  it  folded  up  011 
his  (h-HiMcr  :  in  this  manner  the  heat  produced  by  the  labour 
of  walking  n)ay  be  moderated,  aiul  he  will  find,  when  he 
halts,  the  benefit  of  an  addition;d  coverin'j^,  without  any  of 
its  inccaivcniences.  In  regard  to  drefs,  it  is  of  efiential  ad- 
yantagc,  wlien  a  traveller  fcts  out  for  the  glaciers,  whate\cr 
may  be  the  heat  in  the  plain  country  below,  to  take  proper 
precautions  to  guard  againd  the  cold,  which  it  is  not  always 
polfible  to  forefec.  To  the  ladies  in  particular  I  recommen4 
this  attention. 
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Thcfe  precepts  are  addreffcd,  more  or  iefs  dire6lly,  to  all 
travellers  who  may  be  defirous  of  traverfing  the  mountains; 
hut  I  fliall  add  a  few  words  to  thofe  who  are  piiilofophers  or 
naturalKts,  and  to  the  amateurs  of  lithologv  in  privticuiar. 
The  latter  have  fre(]uently  experienced  tlie  inconvenience  of 
luiving  nothing  but  their  pockets  to  contain  the  fpeeimcns  of 
rock  which  they  detach  with  a  hammer  :  thefe  are  loon  filled, 
and  harafs  the  tt"aveller  by  their  fwinsrino;  movement.  I 
lupply  this  dellciencv,  with  advantage,  in  the  following 
manner : 

To  a  pretty  broad  leather  belt  I  have  adapted  a  loop  of 
the  fame  material,  placed  in  an  inclined  pofition,  to  receive 
my  hammer,  ncarlv  in  the  fame  manner  as  the  Turks  carry 
their  poniards.  On  the  other  lldc  is  a  fmall  pocket,  which 
contains  a  bottle  of  acid  in  a  wooden  cafe,  a  })iecc  of  ileel 
for  flriking  fire,  &c.  This  belt  or  girdle  forms  the  upper 
part  of  an  apron  of  very  thin  leather,  which,  when  letdown, 
would  cover  the  knee,  but  which,  when  tucked  up  on  each 
fide,  forms  a  laroe  horizontal  pocket  before,  open  at  the  top, 
and  fupportcd  in  the  middle  by  a  thong  limped  like  an  in- 
verted Y;  the  two  branches  of  which  are  fewed  to  the  girdle, 
and  pafs  round  the  apron  below  Hie  tail  of  the  Y  is  turned 
up  before,  and  is  buckled  to  the  bandolier  with  whicli  I 
carry  my  barometer.  The  ftones  which  I  put  into  this 
pocket  being  difpofed,  as  it  were,  around  the  centre  of  gra- 
vity of  the  body,  and  being  fupportcd  in  part  by  the  flioul- 
ders^  on  account  of  the  thong  v\liich  envelops  the  apron, 
occafion  no  inconvenience,  I  thus  have  ihcm  all  under 
my  eye,  and  at  hanil  when  I  wifli  to  fubftitute  one  fpecimeti 
for  another;  and  thcv  experience  no  agitation,  and  do  not 
rub  againft  each  other  as  they  do  in  the  pocket,-. 

To  the  fame  girdle,  on  one  fide,  are  fufpcndcd,  by  ftce^ 
hooks,  one  of  Hamlden's  fexianls  of  thrt^e  inches  radius, 
which  gives  even  ilic  miiuites  of  a  degree ;  an  initrunicnt 
cxceedintily  con\enicnt  for  meafuring  angles.  On  ihe  oilier 
fide  is  fulpended  an  artificial  horizon,  with  a  fpirit  level  for 
taking  hcjohts.  'I'lu-  box  of  this  •iiftruiiient  I  difpofc  int 
fucii  a  manner  that  it  lerves  me  for  a  itaiiri  when  ncceflarv, 
l^einii  fupportcd  bv  a  ftalV  ihal  opens  at  bpttoui  whh  thrii* 
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feet ;  it  fervcs  alfo  as  a  fupport  for  my  barometer,  ancl^makes 
an  excellent  walking-ftick .  when  the  three  branches  arc 
folded  together.  Though  the  whole  of  thefe  inftruments, 
added  to  the  ufual  quantity  of  ftones  colleAed  duruig  an 
excurfion  of  this  kuid,  amount  m  weight  to  more  than 
twenty  pounds,  I  am  not  much  incommoded  by  the  burden, 
on  account  of  its  being  equally  dliiributed^  and  in  my  lall 
Alpine  journey,  which  I  undertook  with  the  unfortunate 
Dolomieu,  he  envied  mv  lot,  though,  inftead  of  being- 
accoutred  as  I  was,  he  carried  only  his  hammer  and  his 
fpecimens. 

IV.  A  cheap  and  efficacious  Method  for  defrofing  Hats  and 
Mice ;  recommended  to  the  Agriculture  Societj  of  Man- 
chefler*  by  Mr.  C.  Taylor,  Secretary  to  the  Society  for 
the  Encouragement  of  Arts j  Ma?iufa£iures,  and  Co7/imercc. 
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N  or  near  the  places  frequented  by  thefe  vermin,  place 
upon  a  Hate  or  tile  one  or  two  meat  fpoonfuls  of  dry  oat- 
meal ;  lay  it  thin,  and  prefs  it  flat,  that  you  may  more  eafily 
know  what  is  taken  away.  The  rats,  if  not  interrupted,  will 
come  regularly  to  feed  there;  fupply  them  thus  with  frefh 
oatmeal  for  two  or  three  days ;  then  to  about  fix  fpoonfuls  of 
dry  oatmeal  add  three  drops  of  oil  of  anifeeds;  and  having 
llirred  the  mixture  well  together,  feed  them  with  this  for 
two  or  three  days  more ;  then  for  one  day  give  them  only 
half  the  quantity  they  have  ufually  eaten  of  this  fcented  oat- 
meal, and  on  the  following  day  place  the  following  mixture : 

To  fout-  ounces  of  dry  oatmeal,  fcented  with  fix  drops  of 
oil  of  anifccd-,  add'  half  an  ounce  of  carbonat  of  barvte?, 
previoifly  noundcd  very  fine  in  a  mortar,  and  fifted  through 
a  little  fine  muflin  or  cambric  :  mix  this  intimately  with 
the  fcented  oalmeal,  and  lay  this  mixture  of  oatmeal  and 
barvtes  upon  the  ti!c  or  flate,  as  the  oatmeal  had  been  ufually 
placed,  and  allow  the  rats  to  come  and  eat  of  it  for  twcnly- 
four  hours  without  interruption. 

"  For  this  comrnunici'.tion  I\Ir.  Taylor  received  the  thanks  of  the 
Society.  As  that  Society  has  not  yet  publifhed  any  of  its  tianfaftions, 
nur  inlerting  thi^  article  cmnot  fail  to  prove  highly  uiefui. 
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A  few  hours  after  eating  thereof,  you  will  frequently  fer 
feme  of  ihcni  running  about  as  if  drunk,  or  paralvtic,  hut 
eventually  they  generally  all  retire  to  their  haunts  and  die. 
As  rats  arc  extremely  fagacious,  it  may  be  proper,  where 
they  have  only  eaten  a  hnall  portion,  to  allow  the  mixture  to 
remain  for  forty-eight  hours.  Tt  will  be  beft  to  burn  what 
is  left  after  that  time,  as  a  frefli  mixture  may  be  prepared  at 
a  trifling  expenfe,  when  wanted. 

During  the  time  in  which  the  mixture  of  barytes  is  cx- 
pofed  to  the  rats,  it  is  necefiary  to  keep  (luit  the  doors  of  the 
plaees  w  here  it  is  laid,  to  prevent  the  vermin  from  being 
difturbed,  or  a  pofiibility  of  aceident  to  any  other  animal  or 
perfon  ;  tor  though  it  is  not  fo  extremely  dangerous,  if  taketi 
internally,  as  the  preparations  commonly  employed  for  kill- 
ing rats,  and  is  even  in  fome  cafes  ufed  in  medicine,  yet  it 
is  fatal  if  taken  improperly. 

The  oil  of  anifecds  renders  the  mixture  diQio-recable  to 
dogs  and  many  other  animals,  but  is,  in  fmall  quantities 
alluring  to  rats. 

The  cai'bonat  of  barytes  may  be  procured  in  larj^e  quan- 
tities at  the  lead  mines  belonging  to  Sir  Frank  Standifli, 
Bart,  at  Anglezark,  near  Chorley :  the  proper  fort  is  tafte- 
]efs,  fcmi-tranfparent,  and  effervefees  with  acids :  it  is  mo- 
derately hard  and  ftriated.  It  is  frequently  called  aerated 
barytes  {ferra  pondercfa  aerata),  and  fometimes,  by  the 
miners,  ponderous  fpar. 


V.  A  hr'uf  Exa??un:!lion  of  the  received  Doclr'ncs  rcfpeit'in^ 
Heat  or  Caloric.  Bj  Alexander  Til  loch.  Ilr.id 
before  the  Jifkefian  Society^  Decejtiber  1799. 

[Continued  from  Page  78.] 
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Quantity  of  heat  added  to  that  already  in  water  of 
a  known  temperature,  which  ^A\d\\  fcnfiblj'  mcrcafc  the  volume 
of  tlie  compound,  heat  and  water,  only  one  thovfandth  part,"^ 
xifeiifible  heat;  caloric  not  in  combinat'on,  not  in  chemical 
union — it  is  cognifable  by  our  fenfes  I  Eut  if  enough  ht 
added  fcnjlhly  to  hl'creafe  i!.e  '■jolime  io  one  .thou/and  timos 
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j/.s'  or'iginal  htiik,  then  the  added  heat  is  lateiU;  it  is  in  chc- 
niical  union  ;  it  is  coaihiTicd  caloric  !  Becaule  now  ndt  coir- 
iiifable  hv  our  fcufcs  ?  No.  We  fee  the  volume  of  the 
lieani  much  larger  th^ui  that  of  the  water;  and  the  more 
heat  we  add,  the  greater  is  the  inereafe  of  volume  while 
water  is  left  to  receive  it.  Yei  I  am  not  to  believe  that  the 
heat  is  cogniiable  bv  any  organ  of  fcnle  or  external  fign  ! 
]n  other  words,  I  am  eommaiuled  to  believe  as  true,  a  ftate- 
nicnt  which  ihiC  e\idcnce  of  my  own  fenfes  makes  it  impoi- 
fihle  I  can  oive  credit  to. 

But,  fay  the  advocates  for  this  doftrine,  a  fubllance  fo 
charged  with  caloric  as  to  become  vapour,  will  not  indicate, 
by  the  thermometer,  anv  further  inereafe  of  temperature, 
though  wc  continue  to  pour  he?.t  into  the  liquid  that  pro- 
duces the  vapour;  therefore  the  extra  heat  mult  have  become 
latent  in  the  fteam  that  has  been  generated.  Nay,  we  can 
prove  the  fa^t;  for  this  fame  latent  heat  may  again  be  made 
Jcrijiblc  in  the  common  pro.xfs  of  condenfation. 

This  mode  of  reafoning  appears  to  me  to  be  more  fpecious 
than  juft.  It  is  demanding  that  the  common  tliermon;eter 
iliould  do  in  this  cafe  what  it  never  does  in  any.  This  in- 
ftrnment  never  tells  the  quantity  of  heat  palling  into  any 
body,  even  in  tliofe  cafes  where  heat  is  counted  jcnjible  or 
free,  it  oulv  tells  the  comparative  quantitv  pafling  into  itfelf 
from  the  body  in  which  it  is  immcrfcd,  or  with  which  it  is- 
in  eontacl,  to  bring  it  into  equilibrium  with  that  body  as  to 
he:it. 

Boiling  water,  fteam,  the  materials  of  which  the  thermo- 
meter is  made,  become  each  charged  with  heat  in  proportion 
to  their  cap'icit'us,  and  this  whether  the  thermometer  be  in 
the  water  or  in  the  Iteam.  The  thermometer  kept  in  the 
ffcam  will  never  rile  higher  than  212",  "  bec'aufe  there  the 
heat  is  latent!"  Keep  it  in  boiling  v.ater  for  a  year,  and  it 
will  not  rife  higher  than  212';  yet  there  the  heat  hfenjible! 
Is  this  diirm(^l:ion  reconcilable  with  common  fenfc  ?  But  the 
refult  may  even  be  altered  at  pleafure.  It  will  not  rife  higi'x-r 
tlu.n  212  in  boiling  water  under  the  common  atmofphere : — 
\\\  other  words,  if  we  wilh  to  raifc  the  heat  higher,  we  mult 
put  :;  greater  preliure  upon  the  water.     Conllnc  the  water  fo 
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that  none  of  it  mav  eft-ape,  and  tlie  heat  will  rife  in  it  far 
above  212°.  Confine  the  fteani,  and  in  it  the  heat  wiii  rife 
jufl  as  high  as  in  the  confined  water;  yet  in  the  one  the  heat 
exifts  in  a  different  ftate  from  what  it  does  in  the  other!! — < 
The  refnlt,  we  fee,  mav  be  ahered  by  mechanical  contriv- 
ances :  nay,  ftriiftlv  fpeaking,  What  is  the  eifeft  produced" 
by  (he  atmofphere  but  mere  mechanical  preffure  ?  Yet  we  are 
to  believe  that  a  change  has  been  effected  in  the  phjjical 
properties  of  one  of  the  fubftances  fubjecled  to  its  7nechan:cal 
operation! — If  Nature  had  fo  conftituted  the  atmofphere  as 
to  have  only  half  its  prefent  gravitv,  the  point  at  which  heat 
would  become  latent,  as  it  is  called,  in  fteam  would  have  been 
far  below  212'.  When  water  is  made  to  boil  in  an  exhaufted 
receiver  at  a  lower  temperature,  have  we  done  any  thing  but 
removed  weight  from  its  furface,  and  vice  "jcrfaP — Does  the 
heat  in  the  lleam  in  thefe  cafes  pafs  into  a  latent  ftatc  alfo  ? 
If  it  does,  the  etfe6l  is  mechanical :  if  it  does  not,  ,then  the 
mere  accident  of  the  atmofphere  being  of  its  prefent  weight, 
has  nothing  to  do  with  the  boiling  point  happening  to  fall 
at  212^ !     But  he  that  would  fay  fo  would  be  counted  mad. 

At  Munich,  and  other  places  equally  elevated  above  the 
level  of  the  fea,  that  is,  having  a  lefs  weight  of  atmofphere 
upon  them,  water,  in  open  velfels,  boils  at  209'.  In  a  par- 
tially exhaufted  receiver  the  fame  effedl  takes  place :  and  vet 
the  do^lrine  of  latent  heat  is  never  confidered  as  inconfiftent 
with  the  facl;  really  for  no  other  reafon  but  becaufe  a  com- 
mon thermometer  cannot  meafure  fpecijic  heat. 

To  demand  that  a  thermometer  (hould  meafure  the  quan- 
tity of  heat  poured  into  water  to  convert  it  into  vapour,  and 
to  maintain  it  in  that  form  ;  and  to  infift,  becaufe  the  inftru- 
ment  will  not  do  this,  that  the  heat  muft  have  changed  its 
nature,  and  loft  its  original  character;  is  about  as  wife  as  it 
would  be  to  demand,  that  a  pint  meafure  dipt  into  tbe  ocean 
fliould  determine  the  quantity  of  water  in  the  latter,  and  to 
infift  ihat,  oiherwife,  the  water  on  the  outfide  of  the  veflel 
mu(^  have  loft  its  original  character,  and  be  different  from 
that  within :  it  is  demanding  that  mercury,  which,  by  its 
conftitution,  can  at  212^  only  expand  a  certain  quantity, 
compared  with  its  own  bulk  in  fome  given  lower  tempera- 
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tare,  fliould  be  able  (witbout  our  making  any  comparative 
experiments  to  determine  the  point)  to  inform  us  how  many 
times  water  will  be  increafed  its  own  bulk  when  we  pour  a 
greater  quantity  of  heat  into  it! 

The  heat  in  the  fteam  is  as  much  fenfible  or  free  heat  as 
it  was  before  it  pafled  into  the  fteam,  if  thefc  terms  are  to  h^ 
applied  to  heat  cognifable  bv  our  fenfes,  and  that  may  be 
meafured  comparatively.  But  the  Jham  is  reallj'  its  own 
thermometer;  and  it  indicates  as  truly  the  quantity  of  heat 
that  has  palibd  into  a  given  quantity  of  water,  as  the  ther- 
mometer does  the  quantity  that  paifes  into  itfelf;  aye,  and 
by  the  fame  means  too — the  magnitude  of  its  own  volunic. 

Inftead  of  fuppoling,  in  the  cafe  of  fteam,  that  heat  has 
become  latent,  or  been  changed,  would  it  not  be,  more 
correal  to  afcribc  the  phaenomcnon  that  led  to  this  idea  to 
another  caufe,  a  change  in  the  form  of  tht,  lualcr,  which,  by 
its  conftitution,  is  forced  to  become  vapour,  under  xho.  common 
jncffurc  of  the  atmoiphere,  ^uhenever  a  certain  yiumhcr  of  times 
its  own  hulk  of  heat  is  ponred  into  it.  The  quantity,  after 
proper  comparative  experiments,  could  then  be  expreffed  in 
fenfible  terms,  and  wcvuld  turn  out  to  be  the  whole  bulk  of 
the  fleam,  minus  the  original  volume  of  the  water  in  the  com-t 
pound. 

If  fome  fuch  method  were  followed,  it  appears  to  me  ex- 
tremely probable  that  v/e  ihould  foon  arri\e  at  many  truths-, 
refpeiling  the  operations  of  the  univerfally  difiiifed  fubflancc 
heat,  which  otherwifc  nurd  efcape  us,  though  the  fafts  that, 
jjiight  lead  to  them  are  daily  prefenting  tliemfelves  in  almoft 
every  chemical  procefs.  It  would  furely  tend  much  to  the 
advancement  of  fcience,  if  the  hulk,  vufs,  or  volume  of  heat 
necell'ary  to  convert  different  folids  into  liquids,  and  liquids 
into  gafes,  uyider  a  given  prefjure,  were  accurately  deter- 
mined by  experiment.  The  thermometer  would  then  be  a 
more  ufdul  inltrument  than  it  now  is — But  we  fhould  never 
look  to  it  to  pertorm  impoflibilities ;  we  fhould  no  more  ex- 
pect it  to  meafure  the  quantity  of  heat  palling  into  or  outOrt*! 
bodies,  than  we  jQiould  attempt  to  meafure  the  quantity  of 
water  delivered  from  a  pump,  by  placing  an  hygrometer  <w: 
xmy  twifted  fibrous  fubftance  in  the  (Ircam,  and  then  exa- 
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mlninir  how  much  its  leno-th  is  diminifhed  or  its  diameter 
iiicrcafcd. 

Some  mavfay,  that  the  cafe  of  the  converfion  of  water  into 
fleam  is  iioi  held  hv  them  as  one  of  thofe  that  prove  the 
paffing  of  heat  from  a  fenfible  to  a  latent  ftatc,  and  that 
therefore  our  rcafoning,  drawn  from  that  example,  will  not 
invalidate  the  doclrine ;  "  for  in  the  cafe  of  water  they  con- 
lider  the  heat  as  in  fimple  mixture,  and  it  would  be  an  abufe 
of  words  to  call  lb  weak  an  union  by  the  name  of  combina- 
tion." 

I  reply,  that  this  cafe  was  one  of  the  earlieft  brought  in 
fupport  of  the  doctrine,  and  alfo  thought  to  be  one  of  the 
Itrongell ;  and  if  the  good  underftanding  of  any  has  led  them 
to  give  it  up,  it  is  the  more  furprifing  they  (hould  be  fo  blind 
as  to  continue  upholding  a  fabric  which  was  built  on  this  as 
one  of  its  foundation  ftones;  and  which  does  not  appear  to 
me  to  be  upheld  by  any  one  fact  that  may  not  be  as  fatif- 
fa6toriIy  explained,  without  admitting  the  exidence  of  heat 
in  two  diftin<ft  ftates. 

But,  fay  thefe,  two  different  fluids  of  the  fame  temperature 
when  united  will  often  give  out  heat — What  can  we  fav  of 
this  heat,  but  that  it  was  latent  or  combined  in  one  or  both 
of  the  fluid:?,  and  that  it  is  thrown  out  as  fenflll?  or  free 
heat  by  their  union  ?  I  would  fay  no  fuch  thing  without  a 
previous  examination  of  all  the  accompanying  phenomena ; 
and  one  of  ihefe  I  find  to  be  a  reduction  in  the  volume  of  the 
compound^  which  is  lefs  than  that  of  the  fum  of  the  two.  The 
niolecnlae  of  the  two  fubftanees  occupy  lefs  room  united  thart 
in  their  refpec-tive  fluids.  For  inftance,  when  fulphuric  acid 
and  water  are  joined,  the  volume  of  the  mixture  is  lefs  than 
that  of  the  two  before  mixture  ;  there  is,  therefore,  lefs  lodg- 
ing-room left  for  the  heat :  in  other  words,  the  capacity  of 
the  compound  for  heat  is  lefs  than  the  fum  of  the  capacities 
of  the  ingredients :  therefore,  compared  with  furrounding 
bodies,  it  has  now  too  large  a  quantity,  and,  by  the  law  of 
equilibrium,  mufl:  give  oft'  the  furplus  to  the  furrounding 
bodies  in  proportion  to  their  capacities,  referving  of  fuch 
furplus  only  that  portion  due  to  itfelf,  and  necelfary  to  give 
it  fuch  an  incrcafcd  temperature  as  the  furrounding  bodies 

R  J  will 
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will  each  have  acquiit-d,  l.y  the  ditTufion  of  the  diflodged  heat, 
when  it  has  coruc  again  to  a  (late  of  (.•quililjrlnni ;  a  quantity 
which  nnilt  in  general  be  fo  fmai!  as"  to  elude  all  meafure- 
ment  in  the  petty  procefles  of  the  laboratorv. 

Are  there  -.ny  caft.-^  in  which  bo.it  isdiflodged  by  the  union 
o^  two  liquids,  andwhc:.  at  tii'.  fune  time,  the  volume  of 
the  iiiixture  is  not  rcduc^vl  f.i--low  ihj*;  of  the  Turn  of  the  vo- 
lumes of  the  ingredients  r  I  do  ivi  recolleft  any.  There 
may,  however,  be  fume,  and  it  vvil!  he  time  enough  to  at- 
tempt lo  explain  them  when  they  are  a.'ikiced.  In  the  mean 
time,  when  a  diminution  of  vohuue  follows,  or  rather  ac- 
companies, the  extrication  of  heat  from  any  bodv,  inftead  of 
rurming  to  the  doftrme  of  latent  heat  being  then  made 
fenlible  (that  is,  heat  being  changed  in  its  character),  ws 
ought  to  content  ourlelve«  with  Itaiing  an  obvious  fa6l, 
namely,  that  the  molecular  of  the  two  liquids  are  fo  con- 
flrufted  and  formed  as  to  admit  of  their  coming  clofer  toge- 
ther when  mixed  than  thev  could  when  refpectivcly  alone; 
and,  of  coLirfe,  nov>  fill  reciprocally  fpaces  that,  before  their 
mixture,  were  filled  with  heat;  the  latter  fubdance,  in  con- 
feqiicnce  of  being  thus  didodged  (for  two  fubftances  cannot) 
at  one  and  the  fame  time,  occupy  the  fame  fpace),  diffufes 
itfelf  ampng  the  furrounding  bodies  in  proportion  to  their 
capacities,  conllituling  in  them,  what  it  did  in  thofe  it  has 
quitted,  bulk  or  i")lu)ii,d. 

What  lakes  place  in  fuch  cafes  may  be  illuftrated  by  one 
of  a  different  kind.  If  a  pint  of  fmall  fliot  and  a  pint  of  dry 
fand  be  mixed,  thev  will  occupy  a  lefs  volume  than  two 
pints;  air  is  thrown  out  that  was  before  lodi!;ed  in  the  in- 
terltices  of  both  of  them.  Was  it  latent  air  iheu)  and  is  it 
fenjibie  air  now  }  Did  it  differ  in  its  properties  before  and 
after  being  ejected?  Weighing  the  ingredients  before  and 
after  mixture,  will  not  tell  how  much  air  has  been  ejetied  t 
but  we  know,  notwilhftanding,  that  its  volume  rliay  be  mca- 
fuied;  and  fo  may  that  of  the  heat  driven  out  in  the  cafe 
which  this  was  brought  to  illullrate. 

How  are  fluids  in  general  meafurcd  but  bv  their  bulk  ? 
or  their  weight,  when  circumftances  will  allow  it?  Water, 
for  inltance,   in  common  cafes,  is  directly  meafurcd  bv  any 

'veflel  ' 
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Vcflcl  whofe  capacity  is  known  or  can  be  conic  at ;  in  others, 
as  in  a  wet  piece  of  wood,  a  brick,  or  other  fubftance,  the 
quantity  mud  be  found  out  by  other  means :  but  in  every 
cafe  where  water  is  added  to  another  fubftance,  whicii  is 
made  thereby  to  expand  exaftly  in  the  dirci^l  ratio  of  the 
cjuantity  of  water  added  (if  there  be  any  fuch),  the  quantity 
niav  be  determined  by  meafuring  the  compound,  and  de- 
ilucling  therefrom  the  original  vokime  of  the  other  fubftance. 
JJ'ouUl  it  be  a'  furd  to  talk  of  meafuring  tl>c  matter^  fuid,  or 
Jubilance,  called  beat,  in  ajimilar  manner? 

When  a  thermometer  is  apphed  to  any  fubftance  of  a 
iiighcr  temperature  than  itfelf,  it  is,  by  the  operation  of  the 
general  law,  foon  brought  into  equiUbrium  with  that  fub- 
ftance as  to  heat ;  and  we  fay,  '^  it  has*  rifen  fo  many  de- 
grees." We  are  habituated  to  this  mode  of  fpeaking,  and 
fatisfy  ourffclves,  without  any  more  inquiry,  that  the  pheno- 
menon requires  no  further  inveftigation ;  and  as  to  the  ac- 
companying phenomena,  we  generally  overlook  them  alto- 
gether. W^hen  we  find  that  the  mercury  has  increafed  in 
volume,  would  it  be  abfurd  to  alk  this  fimple  queftion  ?  Is 
the  inoreafe  to  be  attributed  not  merely  to  the  addition  of 
heat,  but  to  the  addition  of  a  quantity  equal  in  bulk  to  the 
increafe  of  iiolume  acquired  by  the  mercury  P  I  think  it  ex- 
tremely probable  that  the  amount  of  increafe  or  diminution 
of  the  volume  of  any  fubftance,  when  heat  is  added  or  ab- 
'  ftrat-lcd,  is  the  real  bulk  of  the  heat  fo  added  or  abftra<5\ed. 
That  I  may  he  clearly  underftood,  I  iliall  illuftrate  my  mean- 
ing by  a  comparifon  : 

If  to  a  cubic  inch  of  a  compact  piece  of  gum  and  water 
new  unknown  quantities  of  water  be  added,  who  would  ever 
think  of  wire-draWmg  the  mixture  through  a  tube,  and  ex- 
prefling  the  relult  in  degrees  of  no  known  quantity,  nor  re- 
ferable to  any  determinate  mealure  ?  The  cafes  to  me  appear 
perfectly  parallel. 

To  a  mixture  of  g\mi  and  water  we  add  water,  and  the 
yolume  of  the  mixture  is  increafed;  and  to  a  mixture  of 
mercury  and  heat  we  add  heat,  and  the  volume  of  that 
mixture  is  increafed. 

When 
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When  the  volume  of  a  fubtlance  Is  increafed  by  heat,  rsrri 
any  thuig  be  conceived  moi'e  ealilv  practicable,  in  many 
cafes,  than  to  determine,  by  actual  nieafuren)ent,  the  pro- 
portion that  the  increafe  bears  to  the  volume  of  the  mafs  at 
a  given  lower  temperature  ?  Is  not  ibis  already  done  in  many 
cafes?  The  experiments  on  this  point  ihould  be  multiplied, 
fo  as  to  embrace,  if  poffible,  every  known  fubftance  and 
every  degree  of  heat.  Moft  fubltances  would  then  become 
their  own  thermometers  :  nay,  all  are  fo  at  prefent,  but  we 
have  not  examined  the  relations  of  all  their  different  fcales. 

[To  be  comiuuec'.] 


W.  Experiments  on  the  Solar  and  on  the  Terrejirial  Rays  that 
occa/irm  Heat ;  lu'itb  a  comparative  V'leiv  of  the  hairs  to 
luh'ich  Liighf  and  Heat,  or  rather  the  Rays  tvhkh  occajion 
thenij^  are  fubjeSy  in  order  to  determine  ivhether  they  are  the 
fame,  or  dijferent.  By  Wij>liam  Heuschel,  LL.D. 
F,R.S. 

[ConC'nucd  from  Page  21.] 

^th  Experiments     Rtfleciion  of  the  Heat  of  a  Coal  Fire  by  a 
plain  JMirrar, 


I 


PLACED  a  fmall  fpeculnm,  fuch  as  I  ufe  with  my  7 -feet 
rcfleftors,  upon  a  ftand,  a-id  fo  as  to  make  an  angle  of  415 
deorecs  with  the  front  of  it  *.  This  was  afterwards  to  face 
the  fire  in  my  parlour  chimney,  and  wouhl  make  the  fame 
angle  with  the  bars  of  the  grate.  At  a  drilauce  of  3'- 
inches  from  the  fpeculum,  on  the  refle\^Vmg  fide  of  it,  was 
placed  the  thermometer  No.  i  ;  and  clofe  by  it,  but  out  of 
the  reach  of  the  reflected  rays,  the  thermometer  No.  4.  The 
whole  was  guarded  in  front,  agaiuft  the  influence  of  the  (ire, 
by  an  oaken  board  i'  inch  thick,  which  had  a  circular  open- 
ing of  1^  inch  diameter,  oppofite  the  fituation  of  the  plain 
Tiiirror,  in  order  to  permit  tiie  fire  to  fliine  upon  it,  'fhe 
thermometers  were  divided  from  the  mirror  bv  a  wooden 
partition,  which  alfo  had  an  opening  in  it,  that  the  refle(5lcd 
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rays  might  come  from  the  mirror  to  No.  i,  while  No.  4 
ffinained  fcrceiicd  from  their  influence.  On  expoGng  this 
apparatus  to  the  fire,  T  had  the  following  refult : 

No.  I.  No. 4."!  Here,  in  five  minutes,  the  heat  re- 
fleftecl  from  the  plain  mirror  raifed 
the  thermometer  No.  i,  7  de- 
grees ;  while  the  change  in  the 
temperature  of  the  fcreened  place, 
indicated  bv  No,  4,  amounted 
only  to  half  a  decree :  which  (hows 
that  an  open  fire  fends  out  rays  that  are  fubjed  to  the  laws  of 
reflection,  and  occafion  heat, 

6th  Experinunt.     Rejiedion  of  Fire-Heat  ly  a  Vr'ifm. 

Every  thing  remaining  arranged  as  in  the  5th  experiment, 
I  removed  the  fmall  plain  mirror,  and  placed  in  its  ftead  a 
prifm  which  had  one  of  its  angles  of  90  degrees,  and  the 
other  two  of  45  degrees  each^.  It  was  put  fo  as  to  have 
one  of  the  tides  facing  the  fire,  while  the  other  was  turned 
towards  the  thermometer:  thic  hypotenufe,  confeq-ently, 
made  an  angle  of  45  degrees  with  the  bars  of  the  grate-  The 
apparatus,  after  having  been  cooled  fome  time,  was  expofed 
to  the  iire,  and  the  following  refult  was  taken: 

Here,  in  eleven  minutes,  the 
rays  refleded  bv  the  prifm 
railed  the  thermometer  4^ 
degrees;  but, the  temperature 
)»  of  the  place  having  undergone 
an  alteration  of  i|-  degrees,  we 
can  only  place  a  I-  to  the  ac- 
count of  retiection.  The  ap- 
J  parntus  becom.ing  now  very 
hot,  it  would  not  have  been  fair  to  have  continued  the  ex- 
periment for  a  longer  time;  but  the  effecl  already  produced 
was  fully  lutiicient  to  Ihow,  that  even  a  prifm,  which  ftops 
a  great  many  heat-making  rays,  ftill  refle6ls  enough  of  thenx 
to  prove,  that  an  open  fire  not  only  fends  them  out,  but  that 
they  are  fubjeiiit  to  every  law  of  refictSlion. 

•  Sec  Plat.  II,  fig.  2.  F. 
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"/th  Experiment.  Reflcdlon  of  invijihh  Solar  Heat, 
.  On  a  bdard  of  about  4  feet  6  inches  long,  I  placed  at  one 
end  a  fniall  plain  mirror,  and  at  the  other  two  thermome- 
ters*. The  diftance  of  No.  i,  from  the  face  of  the  mirror, 
was  3  feel  9J-  inches  5,  and  No.  2  was  put  at  the  fide  of  it, 
facing  the  fame  way,  hut  out  of  the  reach  of  the  rays  that 
were  to  be  reflefted  by  the  mirror.  The  colours  of  the  prifm 
were  thrown  on  a  (licet  of  paper,  having  parallel  lines  drawn 
upon  it,  at  half  an  inch  from  each  other.  The  mirror  was 
Itationed  upon  the  paper;  and  was  adjufted  in  fuch  a  man- 
ner as  to  prefent  its  polKhed  furface,  in  an  angle  of  45  de- 
grees, to  the  incident  coloured  rays,  by  which  means  they 
would  be  refle6led  towards  the  ball  of  the  thermometer  No.  i. 
In  this  arrangement,  the  whole  apparatus  might  be  with- 
drawn from  the  colours  to  any  required  diftance,  by  attend- 
inor  to  the  laft  vifible  red  colour,  as  it  f|iowed  iifclf  on  the 
lines  of  the  paper.  When  the  thermometers  were  properly 
fettled  to  the  temperature  of  their  fUuation^  during  which 
time  the  mirror  had  been  covered,  the  apparatus  was  drawn 
o-entlv  away  from  the  colours,  fo  far  as  to  caufe  the  mirror, 
which  was  now  open,  to  receive  only  the  invifible  rays  of 
heat  which  lie  beyond  the  confines  of  red.  The  refult  was 
as  follows : 

No.  ].  No.  Z.^  Here,  in  ten  minutes,  the  thcr^ 
momcler  No.  i  received  four 
degrees  of  heat,  reflefted  to  it, 
in  the  ftrifteft  optical  manner, 
bv  the  plain  mirror  of  a  NcWf 
tonian  telefcope.  The  greqt 
regularity  with  which  thefe  invifibl?  rays  obeyed  the  law  of 
reileclion  was  fuch,  that  Dr.  Wilfon's  fenfible  thermometer, 
No.  2,  which  had  been  chofcn  on  purpofe  for  a  ftandard, 
and  was  within  an  inch  of  the  other  thcrjTiometer,  remained 
all  the  time  without  the  leaft  indication  of  any  change  of 
temperature  that  might  have  arifin  from  ftraggling  rays,  had 
there  been  any  fuch.  I  now  took  away  the  mirror,  but  left 
every  thing  elfe  in  the  fituation  it  was.     The  ef^'eft  of  this 

was  thus : 
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No.  T.       N(i.  2.  ^  Here,  in  ten  minutes,  the  ther- 
0'  60  156  monicter  No.  i    loft  ^^gain  the 

four  degrees  it  had  acquired, 
while  No.  2  ftill  remained  un- 
ahered;  and  this  becomes  there- 
fore a  nioft  dccifive  experiment,  in  proof  of  tlie  exidenee  of 
invifible  rays,  of  their  being  fubje6l  to  the  laws  of  refle6lion, 
and  of  their  power  of  oecafioning  heat. 

Stb  Experhnent.     Rrjlcdlon  and  Condenfat'ioji  of  the  hi'vijihle, 
Solar  Rays. 

I  made  an  apparatus  for  placing  the  fmall  (leel  mirror  at 
any  required  angle*;  and,  having  expofed  it  to  the  prifmatic 
fpe6lrum,  fo  as  to  receive  it  perpendicularly,  I  caufed  the 
colours  ^.o  fall  on  one-half  of  the  mirror,  which,  being  covered 
by  a  femicircular  piece  of  pafteboard,  would  ftop  all  vifiblc 
rays,  fo  that  none  of  them  could  reach  the  polifhed  furf.:ce. 
On  the  pafteboard  were  drawn  feveral  lines,  parallel  to  the 
diameter,  and  at  the  diftance  of  one-tenth  of  an  inch  from- 
each  other;  that,  bv  withdrawing  the  apparatus,  I  miglit 
have  it  at  option  to  lemove  the  laft  vifiblc  -ed  to  any  requirec! 
diftance  from  the  reftefting  furfacc.  In  the  focus  of  the 
mirror  was  placed  the  thermometer  No.  2,  I  covered  now 
alfo  the  other  half  of  the  mirror,  till  the  thermometer  hac! 
aflTunied  the  temperature  of  its  fituation.  Then,  withdrawing 
the  apparatus  out  of  the  vifible  fpeclrum,  till  the  laft  tinge  of 
red  was  one-tenth  of  an  inch  removed  from  the  edge  of  the 
pafteboard,  and  the  whole  of  the  coloured  image  thus  tlirown 
on  the  femicircular  cover,  I  opened  the  other  half  of  the 
mirror  for  the  admiflion  cf  invifible  rays.  The  refult  was  a$ 
l()llov»s  : 

No.  ?..  -V  ilere,  in  one  minute,  the  ther- 

lii  t!;e  Focus  01  invifible  Heat.  I      niometcr    rofe   19    degreejj. 
©'  61  (1  covered  the  mirror. 

I  80  J 
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^"1  Here,  in  three  minutes,   the  thenriometer  fell 
.'  \       16  degrees.     I  opened  the  mirror  again. 
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*j^0  J^xptrimenis  on  ihc  Sshr  and  on  the 

No.  2.  -\       Here,   in  two  minutes,   the 

In  theFocusof  iftvifibleHeat.  I  thcrnionieicf  rofe  24  (Ic- 

.$'  8-;'  r         grecs.    1  covered  the  mir- 

<^  88  J  ror  once  more. 

7'  69— x4nd,  i-n  one  miinrlc,  the  thermometer  fell 

19  degrees.  Now,  by  this  ahcrnatc  riling  and  falling  of  the 
thermometer,  three  points  are  clearlv  afeertained.  The  firft 
IS,  that  there  afre  invifible  rays  of  the  \\\n.  The  fecond,  that 
Ihefc  rays  are  not  otily  reficxible,  in  the  manner  which  has 
been  proved  in  tl)e  foregoing  cxperinierit',  but  that,  by  the 
itrift  laws  of  reflection,  they  arc  capalile  of  bein'i-  condenft'd. 
And,  in  the  third  place,  that  by  condenHition  their  heatkig 
power  is  proportionally  increafed  ;  for,  under  the  circum- 
fiances  of  the  experiment,  we  find  that  it  extended  fo  far  as 
to  be  able  to  raifc  the  thermometer,  in  two  minutes,  no  lefs 
thfin  24  degrees. 

^th  Experiment,     ^rjiedion  of  hwljibh  Culinary  Hcaf. 

I  planted  my  little  ftcel  mirror  upon  a  fmall  board  %  and> 
at  a  proper  dillance  oppofite  to  it,  I  erefted  a  Hip  of  deal, 
4-  inch  thick  and  i  inch  broad,  in  a  horizontal  direelion,  fo  as 
to  be  oi  an  equal  height,  in  tlie  middle  of  its  thicknefs,  with 
the  centre  of  the  mirror.  Aoainft  the  lide,  faeins;  the  mirror, 
were  tixed  the  two  thermometers  No.  2  and  No.  3,  with  their 
balls  'Aithin  half  an  inch  of  each  oth.er,  and  the  fcales  turned 
the  oppofite  way.  A  little  of  the  wood  was  cut  out  of  the 
^ip,  to  make  room  for  the  balls  to  be  freely  expofed.  That 
«f  No,  2  was  in  the  axis  of  the  mirror,  and  the  ball  of  No.  j| 
wasfcreened  iVom  the  rcilecled  rays  ))y  a  luiall  piece  of  pafte- 
board  tied  to  the  fcale.  The  fuiall  ivory  fcales  of  the  ther- 
mometers, wiih  the  flip  of  wood  at  their  back, which,  however, 
Hvas  feather-edged  towards  the  Itove,  intercepted  foine  heat  j 
but  it  will- be  ^^iQvi  prefeutly  thai  there  was  enough  to  fpare. 
\Vhcnjiiy  {love  was  of  a  good  hi^at,  I  broitght  the  apparatus 
to  a  phi^e  ready  prepared  for  it. 

Here  wc  find  that,  in  one  mi- 
nute, tiic  inviliblc  culinaiy 
heat  railed  the  thcrmometi.T 
No.  2,    39   dciirccs  ;    while 

■^  .■5*x.r;i.tt  l\'.  fig.  i. 
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1\n.  3,  from  change  of  temperature,  rofe  only  one,  notwlth- 
fl:inciing  its  expofurc  to  the  (love  was  in  every  refpc^l  equal, 
to  that  of  No.  3,  except  To  far  as  relates  to  the  rays  returned 
by  the  mirror;  and  therefbre  liie  raulant  nature  of  thcfc  in- 
\'ifible  ray.s,  their  power  of  heating  bodies,  and  their  bein<j 
fubjc(£t  to  the  laws  of  refie<5lion,  arc  equally  ellabliflied  by 
this  experiment. 

lOth  E.xpcr'imcnt.  Rrfleflmi  of  the  inv'ijihle  Raj'S  of  Heat  of 
a  Poker,  cooled  fnrm  ki/ig  red-hot  till  it  could  no  lunger 
he  j'een  in  a  dark  Place, 

The  great  abmidance  of  heat  in  tny  iaft  .experiment  wouM 
•not  allow  of  its  being  carried  on  without  injury  to  the  ther- 
mometer, the  fcalc  of  wbicli  is  not  extenfivc;  I  therefore 
placed  a  poker,  when  of  a  proper  black  heal,  at  12  inches 
from  the  fteel  mirror  *3  and  received  the  .efl'exil  of  its  cour 
denfcd  rays  upon  the  tlicrmometer  No.  2,  placed  in  the  focus. 
Tlien,  alternately  coverinc:  and  uncovcrmg  the  mirror,  one 
minute  at  a  time,  the  eftect  was  as  follows : 


No.  2.-, 

Here,   in  iix  minutes. 

The  mirror  covered 

0 

61 

■we  have   a  repeated 

Open 

I 

68 

refill tof  alternate  ele- 

Covered 

^T 

vations  au'l   depref- 
^      fions  of  the  thermo- 

Open 

3 

64 

Covered 

4 

59 

meter,  all  of  whicli 

Open 

.5 

61  V 

confirm  the   reilexi- 

Covered 

6 

5H     J 

bility,     the    radiant 

"nature,  and  the  heating  power  of  the  invifible  rays  that  came 
^rom  the  poker. 

From  tlicfe  experiments  it  is  now  fuificicntly  evident,  thai  in. 
every  Tuppofcd  cafe  of  foUu"  and  lerreftrial  beat,  we  have  traced 
out  ravs  that  arc  fubjeol  to  the  regular  laws  of  refle^lion,  and 
are  invefted  with  a  po\\  er  of  heating  bodies  ;  and  this  inde- 
peuciciuly  ofliirht.  For,  thouoh,  in  four  cafes  outof  lix,  we 
had  illuminating  as  ^vell  as  healing  rays,  it  is -to  be  noticed 
t1iat  our  proof  goes  onlv  to  the  power  of  occafioning  heat, 
which  has  been  ftriclly  afcertained  bv  the  thermometer.  If 
it  fliould  be  faid,  that  the  power  of  illunnnaiing  objefts  of 
'.'iicfe  iame  rnvs  is  as  Itrictly  proved  bv  the  fame  experiments, 
•  Sec  Plau-  r.  hg.  i, 

S  ;  I  mud 
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I  11111(1  remark  that,  froni  the  cafes  of  invifible  rays  brought; 
foruaru  in  the  four  lall  experiments,  it  is  evident  that  the 
conclulion  that  rays  muft  have  ilUiminating  power  beeaufe 
they  ha\e  a  power  of  occafioning  heat  is  erroneous;  and,  as 
this  nuiQ.  be  admitted,  we  have  a  right  to  a(k  for  fome  proof 
of  the  aflertion,  that  rays  which  occafion  heat  can  ever  be- 
come vifihle.  But,  as  we  fliall  have  an  opportunity  to  fay 
more  of  this  licreaftcr,  I  proceed  now  to  invcliigate  the  re- 
fracriipn  of  heat-making  rays. 

11th  Experiment.  Rrfraft'ion  of  Sclar  Heat. 
With  a  new  ten-feet  Newtonian  telefcope,  the  mirror  of 
xvhich  is  24  inches  in  diameter  of  polifhed  furface,  I  receivctj 
the  rays  of  the  fun;  and,  making  them  pafs  through  a  day- 
piece  with  four  lenses,  I  caufcd  them  to  fall  on  the  ball  of 
the  thermometer  No.  3,  placed  in  their  focus.  Thofe  who 
are  acquainted  with  the  lines  in  which  the  principal  rays  and 
pencils  move  through  a  fet  of  glafl'es,  will  eafily  conceive  how 
artfully,  in  our  prefent  inflance,  heat  was  fcnt  from  one 
P'ace  to  another — heat  croffing  heat,  tlirough  many  inter- 
fecling  courfe>',  without  jollling  together,  and  each  parcel 
arriving  at  lal't  fafcly  to  its  dcflined  place.  As  foon  as  the 
ravs  were  brought  to  the  thermometer,  it  rofe,  alinoft  inftant- 
ly,  from  60  degrees  to  136;  and,  being  afraid  of  cracking  the 
glalfes,'  1  turned  away  the  telefcope.  Here  the  rays,  which 
occafioned  no  leis  than  70  degrees  of  heat,  had  undergone 
pi<rhl  reo-'.ilar  iuccefiive  refra6lions ;  lo  that  their  being  i'ubject 
to  its  laws  cannot  be  doubted. 

JZlh  Experiment.      Refraction  of  the  Heat  of  a  Candle. 

I  pLiced  a  lens  of  about  1,4  inch  focus  and  1,1  iucii  dia- 
meter, mounted  upon  a  fmall  fupport,  at  a  diftancc  of  2,8 
i.'ichts  irom  a  candle*;  and  the  thermometer  No.  2,  be- 
hind tlie  lens,  at  an  equal  diflance  of  about  2.8  inches;  but 
which  ought  to  be  very  carefully  adjufled  to  the  fecondary 
focus  of  the  candle.  Not  far  from  the  lens,  towards  the 
candle,  was  a  paftel)oard  fercen,  with  an  aperture  of  nearly 
^bt'  fume  {izo  as  the  lens.     The  fuj)port  of  tlie  Jens  had  ai> 

;''^  Se^;  Plate  J V.  fij.  3. 

eccentrio 
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eccentric  pivot,  on  which  it  might  be  turned  away  from  ib* 
place,  and  returned  to  the  lame  fituation  again,  at  plcafurc. 
This  arrangement  being  made,  the  thermometer  was  for  a 
few  moments  cxpoled  to  the  rays  of  the  candle,  till  it  had 
alfumed  the  temperature  of  its  fituation.  Then  the  lens  was 
turned  on  its  pivot  lo  as  to  intercept  the  dire6\  ravs  which 
palfed  through  the  opening  in  the  pafteboard  fcreen,  and  to 
rcfra«5l  them  to  the  focus,  in  which  the  thermometer  was 
fituated. 

Here,  in  three  minutes,  the  thermometer  re- 
ceived 2-  degrees  of  heat,  by  the  refraction 
of  the  lens.  The  lens  was  now  turned 
away. 

Here,  in  three  minutes,  the  thermometer  loft 
2 '  degrees  of  heat.  The  lens  was  now  re- 
turr.ed  to  its  fituation. 

J  55'y 

c'  53  >  "j  And,  in  three  minutes,  the  thermometer  re- 

I  .'i4i  I      gained  the  2^-  deiirces  of  heat.      A  greater 

ellccl  mav  be  oi)lained  by  a  ditlereut  ar- 
rangement of  tliC  Jiitances.  Thus,  if  thtf 
lens  be  placed  at  3'  inches  from  a  wax  candle,  and  t!ie  ther- 
jnomeier  fituated,  as  before,  in  the  feeondary  focus,  we  iliall 
be  able  to  draw  from  5  to  8  degrees  of  lieat,  according  to  the 
burning  of  the  candie,  and  the  accuracv  of  the  adjufiment  of 
the  thermometer  to  the  focus.  The  experiment  we  have  re- 
lated rtiows  evidentlv  that  ravs  inveiled  with  a  power  of  heat- 
ing bodies  iffue  from  a  candle,  and  are  fubject  to  laws  of 
refracfion,  nearly  the  fame  with  thofe  refpeeting  light. 

iTfth  Experiment.     ReJraBioti  of  the  Heat  that  accompames 
the  coloured  Part  of  the  Prfniatic  Speclriim. 

I  covered  a  burning  lens  of  Mr.  Dollond's,  which  i<  nearly 
9  inches  in  diameter,  and  very  highly  poliihed,  with  a  piece 
of  paiteboard,  in  which  there  was  an  opening  of  a  fufiicient 
fize  to  admit  all  the  coloured  part  of  the  prifniatic  fpeotrum*. 
Jn  the  focr.s  of  the  glals  was  placed  the  thermometer  No.  3; 
#ik1,  when  every  tiling  was  arranged  properly,  I  covered  the 

'  Sec  P'l.it  IV.  iig  4* 
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Ions  for  five  minutes,  th:\t  the  thermometer  might  afTume  dTfc 

temperature  of  its  filuation.     The  refult  was  as  follows  : 

No.  3.-^  HcrC;,  in  one  minute,  the 
Tiie  lens  covered     o'  64      >      thermometer    received 

Open  -  I  176     J       112    degrees   of  heat, 

"ivhici^.  came  with  the  coloured  part  of  the  folar  fpc(9:rum,and. 
were  refracted  to  a  focus;  fo  that,  if  the  coloured  rays  thcm- 
fclvcs  are  not  of  aheat-making  nature,  they  are  at  lead  accom- 
panied with  rays  that  have  a  power  of  heating  bodies,  and  are 
fuhject  to  certain  Jaws  of  refraclion,  which  cannot  diflcr 
much  from  thofe  aftefting  light. 

[To  be  continued.] 


VII.  An  .Ex.:mination  oJT-r.  I'iekp.e's  Hjpotbc'Jis  rcfprSing 
ibe  Caufe  of  the  Tides j  -jjhich,  in  opp^jiiion  to  ike  received 
'J  beory,  a^ttrlbutes  them  to  fuppofed  periodical  F.ffu/ions  of 
ibe  Polar  Ices.  i>>'  Samuel  Woods,  Efq.  Read  before 
ibe  yljiii-diun  Society  November  ^,  1799' 

JL  TIE  tides  are  two  periodical  motions  a£luatlng  the  ocean 
(called  the  fiux  and  reflux,  or  ebb  and  fiosv),  which  fuccecd 
C3ch  other  altcrnatelv  at  an  interval  of  about  fix  hours;  the 
period  of  a  flux  and  reflux  being,  upon  an  average,  12  hours 
.24  minutes,  the  double  of  which,  24  hours  48  minutes,  cor- 
rcfponds  to  that  of  a  lunar  day,  or  the  time  elapfing  between 
the  moon's  pafiing  a  meridian  and  coming  to  it  again.  Thcfe 
alternate  elevations  and  deprcflions  of  the  ocean  fo  exactly 
correfpond  Vvith  the  courfe  of  the  fiui  and  moon,  as  to  time 
^n-tl  (paantity,  that  the  influence  of  thofe  luminaries  has  in 
all  ages  been  confidered  as  the  caufe  of  their  production  ;• 
but  it  was  referved  for  modern  times  to  afccrtain  the  princi- 
ple of  their  laws,  and  to  calculate,  with  precifion,  the  elfects 
produced  by  the  different  fituations  of  the  fun  and  moon,  ^nd 
the  proportions  of  their  power.  This  principle  is  no  other 
fhan  gravitation.  It  is  evident  that,  if  the  earth  were  entirely 
fluid  and  quiefcent,  its  parti.ile.-;,  bv  their  mutual  gravity, 
•would  form  the  whole  mafs  into  a  perfect  fjihere :  now,  if 
*iny  power  be  fuppofed  to  a6t  on  all  the  particles  of  this  fpherc 
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\»ith  ecjual  force,  and  in  parallel  direftions,  the  whole  mar-; 
would  be  moved  tosjcthcr  without  experiencing  any  alteratiou 
in  its  figure.  But  this  is  not  the  cafe  with  refpc^t  to  the  moLSi's 
action  on  our  globe :   the  power  of  gravity  diaiiniflies  as  the 
fquare  of  the  dirtance   incrcafes,   and   therefore  the  water? 
(at  Z,  Plate  V.  fig.  1.)  on  the  fide  of  the  earth  (A.]i,C,D) 
next  the  moon  (M),  are  more  attracted  by  the  moon  than  the 
central  parts  of  the  earth  (O),  and  the  central  parts  more  at- 
tracted than  the  waters  on  the  op^xjfite  fide  (at  n) ;  and  thcrc^ 
fore  the  diftance  between  the  earth's  centre  and  the  water<i 
on  its  furface  under  and  oppoilte  to   the  moon  will  be  in- 
creafed.    For,  fuppofe  three  bodies  in  the  fame  line  (H,0,D), 
Lf  they  are  all  equally  attra6led  by  any  power  (as  M),  they 
will  all  move  towards  it  with  equal  rapidity,  their  mutual 
diftances  continuing  the  fame;  but  if  the  attraftion  of  tliis 
power  (M)  is  unequal,  the  body  molt  forcibly  attrat^ted  wiii 
move  fafteft,  and  their  reciprocal  diftances  will   be  propor- 
tionally incrcafed  :  thus,  the  power  of  gravitation  acting  un-  , 
equally  on  the  three  bodies   (H,0,D),  the  diftance  of  the 
lirft  (II)  from  the  feeond  (O),  and  of  the  fecond  from  the 
third  (D),   will  be  increafed  in  proportion  to  the  difference 
of  the  gravitating  power  at  the  diftance  of  the  three  bodies 
([1,0,  D)   refpectiveiy :   now,  fuppofe  a  numijcr    of  bodies 
■\ABCD)  placed  round  the  centre   (O)  fo  as  to  form  a  fuiid 
ring,   unequally  attracted  by  fome  power   (M),    the  parts 
neareft  and  furthefi:  (H  and  D)  from  iliis  power  will  have 
their  diftance  from  the  centre  (0)  increafed,  while  the  fides 
of  this  ring  (R  and  F),  being  nearly  equidiitant  from   the 
power  (M),    the  centre    (0)    will    not   recede,    but    rather 
approach  the  centre  (O).   and    form  an  ellipfis   (nLIzN). 
To   apply   thifj    reafoning  to  the   cale  under   confiJeration, 
while  aie  earth,  by  its  gravity,  tends  toward  the  moon,  the 
water  dircclly  below  her  will  fwell  and  rife  gradually ;  the 
water  on   the  oppofitc  fide  will  recede  from  the  centre  (or, 
more  properly,  the  centre  will  advance),  and  rife,  or-appear  to 
fife,  while  the  water  at  the  fides  is  depreil'ed,  and  falls  beiow 
the  former  level :  hence,  as  the  earth  revolves  on  its  axis  from 
the  moon  to  the  moon  aaain  in  24  hours  5c  minutes,  there  will 
be  two  tides  of  ebb  and  tsiooffiood  in  that  period.     In  con- 

ieq';ence 
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fequence  of  the  earth's  motion  on  her  axis,  the  moft  elevated 
part  of  the  water  is  carried  })evond  the  moon  in  the  dircftion 
of  the  rot.ilion,  and  continues  to  rife  after  it  has  pafl'cd  di- 
reC-lly  under  tlic  moon,  not  attaining  its  greated  t  Icvation  till 
it  has  got  about  half  a  quadrai\t  fiiriher.  It  r.ijntinues  alfo  to 
defccnd,  after  it  has  pafled  at  90^  diihmcc  from  the  point  below 
the  moon,lr)a  like  diftance  of  about  haU  acjuadrant;  and  there- 
fore in  open  feas,  where  the  water  (lows  frceh,-,  the  time  of 
high  water  does  not  exactly  coincide  with  the  tin>e  of  the 
moon's  coming  to  the  meridian,  but  is  fomc  time  after. 
Befides,  the  tides  do  not  always  anfwer  to  the  fame  diftance  of 
the  moon  from  the  meridian,  fince  they  are  varioufiy  afiefted 
by  the  fun's  a6lion,  which  brings  them  on  fooner  when  the 
moon  is  in  her  firft  and  third  quarters,  and  keeps  them  back 
later  when  flie  is  in  her  feeond  and  fourth  :  becaufe,  in  the 
former  cafe,  the  tide  raifed  by  the  fun  alone  would  be  earlier 
than  the  tide  raifed  by  the  moon  :   in  the  latter  cafe,  later. 

We  have  hitherto  confidered  the  moon  as  the  principal 
n^jent  in  producing  tides,  but  it  is  obvious  that  the  inequality 
of  the  fun's  action  muft  produce  a  fimilar  effeCl:;  fo  that,  in 
reality,  there  are  two  tides  every  natural  day  occafioned  bv 
the  fun,  as  well  as  two  tides  every  lunar  day  occafioned  by 
the  moon,  and  fubie6t  to  the  fame  laws:  on  account,  how- 
ever, of  the  fun's  inmicnfe  diftance,  his  aiStion  is  confidcr- 
ably  inferior  to  that  of  the  moon.  By  comparing  the  fpring 
and  neap  tides  at  the  mouth  of  the  Avon,  below  Briftol,  Sir 
Ifaac  JNewton  calculates  the  proportion  of  the  moon's  force 
to  the  fun's  as  9  to  2  nearly.  Dr.  Ilorlley,  in  his  edition  of 
the  I'rincipia,  eftimates  it  as  5,0469  to  1 ;  and,  coiifidering 
the  elevation  of  the  waters  by  this  force  as  an  efie6l  fimilar 
to  the  elevation  of  the  equatorial  above  the  polar  parts  of  the 
earth,  it  will  be  found  that  the  moon  is  capable  of  producing 
an  elevation  of  about  ten  feet,  the  fun  of  about  two  feet; 
which  correfponds  pretty  nearly  to  experience. 

In  order  to  underftand  the  caufe  of  fpring  stnd  neap  tides, 
tve  muft  confider,  that  the  moon,  revolvino-  roin>d  the  earth 
in  an  elliptic  orbii,  approaches  nearer  and  recedes  further 
from  it,  than  her  mean  diftance,  in  every  revolution  or  lunar 
moiith.     When  neareff,  her  attraction  i-J  ftrongeft,  and  vice 
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Verfai  when  both  kiminaries  arc  in  the  equator,  and  the 
moon  ill  periiieo,  the  tides  rife  higheft,  particularly  at  oppo- 
fition  and  conjan6lion  :  at  the  change,  when  the  attractive 
forces  of  the  fun  and  moon  are  combined,  the  tide  is  raifed 
to  a  greater  height :  at  the  full,  when  the  moon  raifes  the 
tide  under  and  oppofite  to  her,  the  fun,  afting  in  the  fame 
line,  raifes  the  tides  under  and  oppofite  to  him,  whence  their 
conjunft  effeft  is  the  fame  as  at  the  change,  and  in  both  cafes 
occafions  what  we  call  fpring  tides  :  but  at  the  quarters,  the 
fun's  aftion  diminiihes  the  effect  of  the  moon's  a6tion,  fo 
that  they  rife  a  little  under  and  oppofite  the  fun,  and  fall  as 
much  under  and  oppofite  the  moon,  thefe  two  luminaries 
a6ling  obliquely  on  each  other,  and  producing  what  is  called 
neap  tides  *'. 

The  fpring  tides,  however,  do  not  happen  precifely  at  the 
full  and  change  of  the  moon,  nor  the  neap  tides  at  the  quar- 
ters, but  about  two  days  later.  In  this,  as  in  many  other 
cafes,  the  efieds  are  not  grcatefi,  or  lead,  when  the  imme- 
diate influence  of  the  caufe  is  greateft  or  lead :  as,  for  in- 
ftance,  the  grcatell  heat  of  fummer  is  not  at  the  time  of  the 
folfticc,  but  fome  weeks  after ;  and  if  the  aftions  of  the  fun. 
and  moon  (hould  be  fuddenly  fufpended,  the  tides  would  con- 
tinue for  fome  time  in  their  ufual  courfe.  The  variations  of 
the  moon's  diftance  from  the  earth  produce  a  fenfible  dif- 
ference in  the  tides.  When  the  moon  approaches  the  earth, 
her  a6lion  on  every  part  increafes,  and  the  differences  of  her 
aClion  increafe  in  a  higher  proportion  as  the  moon's  difi:ances 
decreafe.  According  to  Sir  Ifaac  Newton,  the  tides  increafe 
as  the  cubes  of  the  diftances  decreafe  ;  fo  that  the  moon,  at 
half  her  dift;ance,  would  produce  tides  eight  times  as  great* 
The  fun  being  nearer  the  earth  in  winter  than  in  fummer, 
the  fpring  tides  are  hitrheft,  and  the  neap  tides  lowefi:,  about 
the  time  of  the  equinoxes,  a  little  after  the  autumnal  and 
before  the  vernal ;  and,  on  the  contrary,  the  fpring  tides 
lowett  and  the  neap  tides  highcft  at  the  folftices,   when  the 

•  In  Fig.  2.  Plate  V.  HZ  ON  reprefents  tbc  earth;  ABCD  the 
Coon's  orbit.  At  the  full  and  change,  rhe  fun  and  moon  acl  in  the  fame 
line  S  P  :  at  the  quarters,  the  fun's  influence  in  the  line  S  O  H  counterafts 
that  of  the  moon  acting  in  the  diredtinn  JMZN,  rind  iniducej  nesp  tides. 
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fun  Is  mod:  diftant  from  the  equator.  When  the  moori  i» 
in  the  equator,  the  tides  are  equally  hiirh  in  both  parts  of  the 
lunar  day  ;  but  as  the  moon  declines  towards  either  pole,  the 
tides  are  alternately  higher  and  lower  at  places  having  north 
or  fouth  latitude :  while  -the  fun  is  in  the  northern  figns,  the 
greater  of  the  two  diurnal  tides  in  our  climates  is  that  arifing 
from  the  moon  above  the  horizon  :  when  the  fun  is  in  the 
foiuhern  figns,  the  greateft  is  that  ariliug  from  the  moon 
below  the  horizon.  Thus  the  evening  tides  in  furnmer  are 
obfcrved  to  exceed  the  morning  tides,  and  in  winter  the 
morning  tides  exceed  the  evening  tFdes :  the  difference  at 
Briftoi  is  found  to  be  15  inches,  at  Plymouth  12.  It  would 
be  ftill  greater,  but  that  a  fluid  alwa\s  retains  an  imprelTed 
njotion  for  fome  time,  and  confecjueutly  the  preceding  tides 
ahvavs  afftcl  thofe  that  follow. 

If  the  earth  were  covered  all  over  with  the  fca  to  a  great 
dtpth,  the  tides  uould  be  regularly  fubfervieut  to  thefe  laws ; 
liut  various  caufes  combine  to  produce  a  great  diverfity  of 
effect,  according  to  the  peculiar  fituation  and  circumftanccs 
of  places,  flioals,  fords,  and  ftraits :  thus,  a  flow  and  imper- 
ceptible motion  of  a  large  body  of  water,  fuppofe  two  njilcs 
deep,  will  be  fufficient  to  elevate  its  finface  ten  or  twelve  feet 
in  a  tide's  time;  whereas,  if  the  fame  quantity  of  water  is 
forced  through  a  narrow  channel  fortv  or  fiftv  fathoms  deep, 
it  produces  a  verv  rapid  Ilream,  and  of  courfe  the  tide  is  found 
to  fct  ftrongell  in  thofe  places  where  the  lea  grows  narroweft, 
the  fame  quantity  of  water  being  conltrained  to  pafs  through 
a  fmaller  pafl'aoe,  as  in  the  ftraits  between  Portland  and  Cape 
la  Ilocrue  in  Normandv  ;  and  it  would  be  lilll  more  fo  be- 
tween  Dover  and  Calais,  if  the  tide  coming  round  the  illand 
did  not  check  it. 

The  (lioalnefs  of  the  fea  and  the  intercurrent  continents 
are  the  reafons  why  the  tides  in  the  open  ocean  rife  but  to 
very  inconfiderable  heights,  when  compared  to  what  they  do 
in  wide-mouthed  rivers  opening  in  the  direction  of  the  ftream 
of  the  tide;  and  that  high  water  is  fome  hours  after  the 
moon's  uppulfe  to  the  meridian,  as  it  is  obferved  upon  all 
the  weHern  coaft  of  Europe  and  Africa  from  Ireland  to  the 
Cape  of  Good  Hope;  in  all  which  a  fouth-weft  moon  makes 
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high  water;  and  the  fame  is  faid  to  be  the  cafe  on  the  weftern 
coaft  of  America:  fo  that  tides  happen  to  ditTerent  places  at 
all  diftances  of  the  moon  from  the  meridian,  and  confe- 
quently  at  all  hours  of  the  day. 

To  allow  the  tides  their  full  motion,  the  fpace  in  which 
they  are  produced  ought  to  extend  from  eall  to  wed  90*^  at 
lealt ;  fuch  being  the  diitance  between  the  places  moic  raifed 
and  (lepreU'ed  by  the  moon's  influence.  IJence  it  appears 
that  fuch  tides  can  only  be  produced  in  large  oceans,  and 
why  thofe  of  the  Pacific  exceed  thofe  of  the  Atlantic  ocean: 
•  hence  alfo  it  is  obvious  why  the  tides  in  the  torrid  zone  be- 
tween Africa  and  America,  where  the  ocean  is  narrower,  are 
exceeded  bv  thofe  of  ihe  temperate  zones  on  either  fide  :  and 
hence  we  may  comprehend  why  the  tides  are  fo  fmall  in 
illands  at  a  great  diitance  from  the  fhores,  fince  the  water 
cannot  rife  on  one  fhore  without  defcending;  on  the  other; 
lo  that  at  the  intermediate  iflands  it  muft  continue  at  a  mean^ 
height  between  its  elevations  on  thofe  (liores. 

The  tide  producetl  on  the  weftern  coaft  of  Europe  corre- 
fponds  to  this  theory.  Thus,  it  is  high  water  on  the  weftern 
coafts  of  Ireland,  Spain,  and  Portugal,  about  the  third  hour 
alter  the  moon  has  pafl'ed  the  meridian  ;  from  thence  it  flows 
into  the  adjacent  channels,  as  it  finds  the  eafieft  paflage.  One 
current,  for  example,  runs  up  bv  the  fouth  of  Enoland,  and 
another  by  the  north  of  Scotland  ;  taking  confiderable  time 
to  move  all  this  wav,  and  occafioning  high  water  fooner  in 
the  places  at  which  it  firft  arrives,  and  begins  to  fall  at  thefe 
places  while  the  current  is  proceeding  to  others  further  di- 
ftant  in  its  courfe.  On  its  return  it  is  unable  to  raife  a  tide, 
becaufe  the  water  runs  fafter  off  than  it  returns,  till,  by  the 
piopairation  of  a  new  tide  from  the  ocean,  the  current  is  ftopt, 
and  begins  to  rife  again.  The  tide  propas^ated  by  the  moon 
in  the  German  ocean,  when  flie  is  three  hours  paft  the  me- 
ridian, takes  twelve  hours  to  come  from  thence  to  London 
bridge ;  fo  that,  wlien  it  is  high  water  there,  a  new  tide  h^s 
already  attained  its  height  in  the  ocean,  and  in  fome  inter- 
mec'iiate  place  it  muft  be  low  water  at  the  fame  time.  When 
the  tide  runs  over  Ihoals,  and  flows  upon  flat  ihores,  the  water 
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is  elevated  to  a  greater  height  than  in  open  and  deep  oceans 
that  have  fteep  banks,  becaufe  the  force  of  its  motion  is  not 
broken  upon  level  (liores  till  the  water  has  attained  a  greater 
height.  If  a  place  communicates  with  tv.o  oceans,  er  by 
two  different  openings  with  the  fame  ocean,  one  of  which 
affords  an  eafier  and  readier  paffage  than  the  other,  two  tides 
may  arrive  at  tliis  place  in  different  times,  which,  interfering 
together,  may  produce  a  great  variety  of  phaenomena. 

At  feveral  places  it  is  high  water  three  hours  before  the 
moon  comes  to  the  meridian;  but  that  tide  which  the  moon 
drives,  as  it  were,  before  her,  is  onlv  the  tide  oppofite  to  that 
produced  by  her  when  nine  hours  paft  the  oppolite  meridian. 

It  would  be  tedious  to  enumerate  all  the  particular  folutions 
eafily  deducible  from  thefe  doftrines  :  as,  why  lakes  and  feas, 
fuch  as  the  Cafpian  and  the  Mediterranean,  the  Euxine  and 
the  Baltic,  have  little  or  no  fenfible  tides ;  fince,  having  no 
comnmnication,  or  being  connected  by  very  narrow  inlets 
with  the  great  ocean,  they  cannot  receive  or  difcharge  water 
fufficient  to  alter  thtir,  furface  fenfibly.  In  general,  when 
the  time  of  high  water  at  any  place  is  mentioned,  it  is  to  be 
undcrftood  on  the  days  of  new  and  full  moon  :  the  times  of 
high  water  in  any  place  fall  at  nearly  the  fame  hours  after  a 
period  of  about  fifietn  days,  or  between  one  fi)ring  tide  and 
anoth-r. 

This  theory,  however,  is  not  without  objeftions  and  diffi- 
culties; which  has  encouraged  a  Frenchman  of  fome  emi- 
nence, St.  Pierre,  to  frame  a  new  and  fingular  hypothefis, 
afcriiiing  all  the  phaenomena  of  the  tides  to  the  periodical 
effufions  of  the  polar  ices.  I  fliall  firfl:  mention  the  n>oft 
material  facts  and  confiderations  which  appear  to  militate 
againft  the  common  theory,  as  dated  by  St.  Pierre ;  and  I 
fl;a'l  then  endeavour  to  explain  the  theory  he  has  fubdituted 
(which  it  has  coft  me  fome  pains  to  collc6t,  abllradl,  and 
arrange),  as  nearly  as  poffible  jn  a  literal  tranflation  of  his  I 
owii  language.  "  f 

ITisfaid  that,  if  the  moon  afted  by  her  attra<5lion,her  in-  \; 
.^uence  muft  extend  to  the  Mediterranean,  the  Baltic,  the  Caf- 
9  pianjf.. 
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plan,  and  the  vaft  lakes  of  North  America,  In  fome  degree 
at  leaft ;  but  all  thefe  have  no  fenfihle  tides  *.  This  tran- 
quillity renders  her  attraAion  liable  to  fufpicion  ;  and  we 
(liali,  perhaps,  find  that  the  greateft  part  of  the  tides  in  the 
ocean  have  nothing  more  than  an  apparent  relation  either  to 
her  influence  or  her  courfe. 

The  phafes  of  the  moon  do  not  correfpond  all  over  the 
globe  with  the  movements  of  the  feas.  On  our  coafts  the  flux 
and  reflux  follow  the  moon  rather  than  her  real  motion  :  in 
various  places  they  are  fubje6l  to  different  laws,  which  obliged 
Newton  to  admit  (chap.  25.)  "  that  in  the  periodical  return 
of  the  tides  there  muft  be  fome  other  mixed  caufe,  hitherto 
undifcovered." 

The  currents  and  tides  in  the  vicinity  of  the  polar  circle 
come  from  the  pole,  as  appears  from  the  teftiniony  of  Fred. 
MTrtens,  who  afl'erts,  that  the  currents  amidft  the  ices  fet  in 
towards  the  fouth  ;  but  adds,  that  he  can  (late  nothing  with 
certainty  refpe'.'-\ing  the  flux  and  retlux  of  the  tides. — Voyage 
kiwards  the  North  Pole,  1671. 

Henry  Ellis  obferved  that  the  tides  in  Hudfon's  bay  came 
from  the  north,  and  wtre  accelerated  as  the  latitude  increafed. 
It  is  impofllible  thefe  tides  fliould  come  from  the  line  or  the 
Atlantic.  He  afcribes  them  to  a  pretended  communication 
with  the  South  fea.  At  Waigat's  ftraits  thefe  north  tides  run. 
at  the  rate  of  eight  or  ten  leagues  an  hour.  He  compares 
them  to  the  fluiccof  a  mill. — Foyage  to  Hudfon's  Bay,  1746. 

Linfcotten,  in  1594,  made  nearly  the  fame  renjarks,  and 
obferves  that  in  Waigat's  fl:raits  the  water  was  only  brackifli. 
He  fays  the  tides  come  from  the  eafi;  with  great  velocity, 
bringing  with  them  large  iflands  of  ice. 

W.  Barents  (J595)  confirms  this  account. 

All  thefe  effefts  can  be  produced  by  nothing  elfe  than 
the  effiifion  of  ices  furrounding  the  pole.  Thefe  ices,  which 
melt  and  flow  with  fuch  rapidity  in  the  northern  parts  of 
America  and  Europe  about  the  months  of  July  and  Auguft, 

♦  The   Cafpian  fea   is    about   S60  miles    long,  and,  in  one  place,  j6o 
miles  broad  :  there  are  ftrong  currents,  but  no  tides. 
There  is  no  regular  flux  ^ind  reflux  in  the  Baltic. 
In  fome  particular  fpots  of  the  Mediterranean  there  is  a  fmall  tide. 

greatly 
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•jgreally  contribute  to  our  liigh  equino&ia!  tides;  awd  when 
thefe  etfufions  ccafe  in  October,  our  tides  begin  to  diminiOi. 
If  the  tides  depended  on  the  action  of  the  fun  and  moon 

•  on  the  equator,  thev  ought  to  be  much  more  afniiderahle 
towards  the  focus  of  their  movements  than  any  where  elfe. 
But  this  is  conlrarv  to  hS.  (Dampier  fays).  .From  Cape 
Blanc,  from  the  third  to  30  fouth  lat.  the  ilux  uni\  reflux  of 
the  fea  does  not  exceed  two  feet.  The  tides  iu  the  Eaft 
Indies  rife  nut  above  a  fool ;  near  the  poles  they  rife  20  or 
35  feet. 

In  the  road  of  the  ifland  Maffafuero  (33^  46'  f<mth  lat. 
80^  22'  weil  long,)  the  fea  runs  twelve  hours  noiih,  and  then 
flows  back  twelve  hours  loath  ;  its  tides,  theretore,  run  to- 
wards the  line, — Byro7i^  jipr'il  1765. 

At  Englilh  Creek,  on  the  coalt  of  New  Britain  (5^'  fouth 
lat.  152"  well  long.)  the  tide  has  a  fiux  and  rellux  once  in 
24  hours.— C.ir/67-t?/,  yhig.  17^7. 

At  the  Bay  of  Iflcs,  in  New  Zealand  (35''  fouth  lat.),  the 
tides  fet  in  from  the  fouth. — Cook,  Dec.  1769. 

At  Endeavour  River,  in  New  [loiland,  neither  the  flood 
nor  ebb  tides  w^re  confidcral'ile,  excepting  once  in  24  hours. 
— June,  1770* 

At  Chriilmas  Harbour,  in  Kerguelen's  Land,  the  flood 
came  from  the  fouth-ead,  running  two  knots  an  hour. — 
Co'jk,  Dec.  1776.  It  appears  to  have  been  rcguiar  and  di- 
tirnal,  i.e.  a  tide  of  tweKe  hours.  The  tide  rifes  and  falls 
alx)ut  four  feet. 

At  Otaheite  the  tides  feldo.m  rife  more  than  twe?ve  or  four- 
teen inches  ;  and  it  is  hi<ih  water  nearly  at  noon,  as  well  at  the 
quarters  as  at  the  full  a»id  change  of  the  n)oon. — Cook,  Dec. 
J777.     It  is  evident,  from  a  tai)lc  of  th.ele  tides  for  26  days, 

•  that  there  was  but  one  tide  a  day  ;  and  this,  during  the  whole 

•  time,  was  at  its  mean  height  between  11  and  i.  Thefe  tide?, 
■  ti^erefore,  can  have  no  relation  .to  the  phafes  of  the  moon. 

Let  usuow  take  a  curfory  view  of  the  effects  produced  bv 
the  tides  in  the  northern  part  of  the  South  fea.  Ai  the  en- 
trance of  Kootka  it  is  high  water,  on  the  days  of  new  and  full 
moon,  at  twenty  minutes  paft  twelve:  the  perpendicular  rife 
and  fall  eight  feet  nine  inches;   which  is  Lo  be  underRood  of 

the 
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the  dav  tides,  and  thofe  which  happen  two  or  throe  days  afier 
the  full  and  change.  The  night  tides  rife  nearly  two  feet 
higher. — Cooky  April  ■I'j'j'i.  Tlvefe  femidiurnal  tides  difier 
from  ours  in  taking  place  at  the  lame  hour, and  exhibiting  no 
fenfibic  rife  till  the  fecond  or  third  day  after  the  fult  moon  J 
all  which  is  pcrfot-ilv  inexplicable  on  the  lunar  hypothefis. 

Tlxjfe  northern  tides  of  the  South  fea,  remarked  in  April, 
become,  in  higher  latitudes,  {tron2;er  in  May,  and  ttill  ftronger 
in  June ;  which  cannot  be  referred  to  the  moon's  courie  then 
pafling  into  tlie  fuuthern  hemifphcre,  but  mull  be  afcribed 
to  the  fun's  courfe  paffing  into  the  northern  hemifphere,  and 
proceedincT,  as  its  heat  increafcs,  to  fufe  the  ices  of  the  north 
pole:  bcfides,  the  dircofion  of  thefe  northern  tides  toward* 
the  line  coultitutes  a  complete  confirmation  that  they  derive 
their  orinin  from  the  pole. 

At  tbe  entrance  of  Cook's  River  there  was  a  ftrong  tidtf 
fetting  out  of  tl>c  inlet  at  the  rate  of  tb.rec  or  four  knots  aa 
hour:  hi^xher  up  in  the  inlet,  at  a  place  four  leagues  broad^ 
the  tide  ran  with  prodigious  violence  at  the  rate  of  iive  knots 
an  hour.  Here  tlie  marks  of  a  river  difpiaj'ed  themfelves, 
the  water  proving  coufiderablv  fref! ler. —Coo;^,  May  1778. 

Wliat  Cook  call;  a  river,  is  nothing  but  a  real  northern 
iluice,  through  which  the  polar  effufions  are  difcharged  into 
the  ocean.  Middlcton  [Voyage  io  Hudjo/i's  Bay,  1741  and 
1742)  found,  between  lat.  65°  and  66^,  a  confiderable  inlet 
running  we(l,  which  he  calls  Wager's  liiver;  and,  after 
repeated  trials  of  the  tides  for  three  weeks,  ft)und  the  flood 
c  mftanily  cominw;  from  the  call.  This  is  another  of  the 
northern  lluiees. 

In  Karakakooa  Bay,.  Sandwich  Ifiands,  the  tides  are  very 
regular,  ebbing  and  flowing  fix  hours  each  alternately. — ■ 
C/o-ic,  March  1779. 

At  the  town  of  St.  Peter  and  Paul,  in  Kamfchatka,  the 
tides  arc  very  regular  every  twelve  hours. — Chrkey  Odl.  i'J^<)' 

Mr.  Wales  {IntroduSiloji  to  Cook's  laji  Voyage)  acknow- 
ledges that  the  tides  obfer\ed  in  the  middle  of  the  great 
Pacific  ocean  fall  fliort  full  two-thirds  of  what  might  hava 
been  expefted  from  calculation. 

The  courie  of  the  tides  towards  the  eqviator  in  the  South 

i'ea  J 


144  Examination  6f  Sf.  Pierra^s  tjypfdhtjis 

fea ;  their  retardations  and  acceleivaicas  on  thefe  {hores  J 
their  directions,  fometinies  ►a'lKvard,  fometimes  weftward, 
according  to  the  monioonsj  finally,  their  elevation,  which 
increafes  in  proportion  as  we  approach  the  poles,  and  di- 
nniiifhcs  in  proportion  to  the  diAi.nces  from  ii,  even  between 
the  tropics,  demonftrate  that  their  focus  is  not  under  the 
line.  The  caule  of  their  motions  depends  not  on  the  attrac- 
tion or  prerture  of  the  fun  and  moon  on  that  part  of  the 
ocean,  for  their  forces  would  undoubtedly  aft  there  with  the 
greatelt  energy,  and  in  periods  as  regular  is  the  courfe  of  the 
two  luminaries. 

Why,  then,  are  the  tides  between  the  tropics  fo  feeble 
and  fo  much  retarded  under  the  direft  influence  of  the 
moon  ? 

Why  does  the  moon,  by  her  attraction,  give  us  two  tides 
every  34  hours  in  the  Atlantic  ocean,  and  produce  only  one 
in  many  parts  of  the  South  fea,  which  is  incomparably 
broader  ? 

Why  do  the  tides  take  place  there  conftantly  at  the  fame 
hours,  and  rife  to  a  regular  height  alnioft  all  the  year  round  ? 

Why  do  fome  rife  at  the  quarters  juft  the  fame  as  at  the 
full  and  change  ? 

Why  are  they  always  ftronger  as  you  approach  the  po!es, 
and  frequently  fet  in  toward  the  line,  contrary  to  the  principle 
of  lunar  impulfion  ? 

Thefe  piobiems,  which  it  is  impoffitle  to  explain  by  the 
lunar  theory,  admit  an  cafy  folution  on  the  hypothelis  of  the 
alternate  fulion  of  the  polar  ices. 

Such  are  the  moH;  material  objections  adduced  to  invali- 
date the  lunar  theory.  How  far  they  are  conclufive,  fliall 
be  left  to  future  inveftigation. 

But  St.  Pierre  is  not  content  with  dcmolifhing  the  old 
ftruCture;  he  has  judged  proper  to  ereCt  a  new  one;  and  a 
fair  expofition  of  this  fyftem  will  enable  us  to  determine,  by 
comparifon,  to  which  we  fliall  give  our  fuffragc. 

It  is  well  known  that  Sir  tfaac  Newton  and  Caflini  differed 
in  their  opinion  refpeCting  the  figure  of  the  earth  :  the  former 
conceiving  it  to  be  an  oblate  fpheroid,  flattened  at  the  poles ; 
the  latter  contending  it  muit  be  oblong,  or  elongated  at  the 

poles. 
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poles.  To  afccrtain  tliis  point,  fome  of  the  men:  celebrated 
niatheniaticiaiis  of  Europe  were  appointed  to  determine,  by 
ac^hial  meafurenient,  the  length  of  a  degree  ])oth  at  the  equator 
and  at  the  pole.  They  found  that  the  polar  degrees  exceeded 
the  equatorial,  and  eoneluded  they  nudl  confequently  be  parts 
of  a  larger  circle,  and,  of  conrfe,  that  the  earth  was  flattened 
at  the  poles.  This  was  univerfallv  confidered  as  dccifive  of 
the  queftion^  till  the  genius  of  our  Frenchman  detected  a  grofs 
and  palpable  error  in  the  calculation,  which  had  efcaped  their 
accurate  knowledge  and  penetration  :  but,  as  the  elongation 
of  the  poles  conltitutes  a  leading  feature  in  the  new  theory, 
I  (liall  give  it  a  more  detailed  examination. 

This  polar  elongation,  as  he  conceives,  is  fupported  by 
four  direct  and  pofitive  proofs: — the  (\\'i\  geometrical,  upon, 
which  he  lays  the  greateft  ftrefs,  and  upon  which  he  has 
fiaked  his  reputation  ;  the  2d,  atniofpherical ;  the  3d,  nau- 
tical ;  the  4th,  afironomical :  of  all  which  in  order. 

The  ift,  or  geometrical  proof,  is  what  he  calls  a  demon- 
flration  founded  on  the  meafurenient  of  the  earth,  and 
admitting  the  polar  degrees  to  exceed  the  equatorial :  hcr<? 
follows  the  demonltration  :  If  you  place  a  degree  of  the 
meridian  at  the  polar  circle  on  a  degree  of  the  fame  meridiari 
at  the  equator,  the  firft  degree,  which  meafures  57,422 
fathoms,  will  exceed  the  2d,  which  is  56,748  fathoms,  by 
674;  confequcntly,  if  you  apply  the  arc  of  the  meridian 
contained  within  the  polar  circle,  being  47°,  to  an  arc  of 
4}  7^  of  the  fame  meridian  at  the  equator,  it  would  produce 
a  confiderable  protuberance,  its  degrees  being  greater. 

To  render  this  more  apparent,  let  us  always  fuppofe 
that  the  profile  of  the  earth,  at  the  poles,  is  an  arc  of  a 
circle  containing  47° ;  is  it  not  evident,  if  you  trace  a  curve 
on  the  infide  of  this  arc,  as  the  academicians  do  w-hen  thev 
flatten  the  earth  at  the  poles,  that  it  mufl;  be  fmaller  than 
^the  arc  within  which  it  is  defcribed,  being  contained  in  it  ? 
•And  the  more  this  curve  is  flattened  the  fmaller  it  becomes. 
Of  confequence,  the  47°  of  this  entire  curve  will  be  indi- 
vidually fmaller  than  the  47*^  of  the  containing  arc.  But  as 
the  degrees  of  the  polar  curve  exceed  thofe  of  the  arc  of  a 
circle,  it  mud  follow  that  the  whole  curve  is  of  greater  extent 
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than  the  arc  of  a  circle :  now  to  be  of  greater  extent  it  muft 
be  more  protuberant  :  the  polar  curve,  of  confequence,  forms 
d  lengthened  ellipiis.     Q.  E.  D.*" 

It  muft  be  acknowledged  that  this  demonftration  is  very 
perfpicuous  and  convincing.  How  the  molt  celebrated  aca- 
demicians and  mathematicians,  for  nearly  half  a  century, 
could  have  overlooked  a  propofition  fo  plain  and  fimple,  can 
6nly  be  afcribed,  in  the  opinion  of  St.  Pierre,  to  their  ob- 
flinate  and  inveterate  prejudices.  He  purfues  his  victory  in  a 
drain  of  vain  and  indecent  exultation,  which  would  diflionour 
a  more  refpeclable  caufe ;  but,  perhaps,  a  little  attention  will 
induce  us  to  doubt  at  leall  whether  the  chartre  of  ffrofs  igno- 
fance  may  not,  with  juliice,  be  retorted  on  their  accufer. 

It  w  ould  have  been  indeed  extraordinary,  if  men  of  fci- 
cnce  had  been  abfurd  enough  to  imaaine  that  a  jarger  arc 
might  be  included  in  a  lei's  ;  but  they  might  fuppofe,  with 
propriety  and  juftice,  that  the  fmailer  arc  of  a  larger  circle 
can  be  included  in  the  larger  arc  of  a  fmailer  circle,  which, 
in  the  prefent  inftance,  appears  to  be  the  cafe.  In  meafuring 
a  degree  on  the  meridian,  a  certain  fpot  is  fixed  upon,  where 
the  elevation  of  the  polar  ftar  is  taken  by  a  quadrant  ;  from 
this  fpot  they  proceed  in  a  dire6t  line  north,  till  the  quadrant 
indicates  an  additional  elevation  of  one  de<rree.  In  propor- 
tion as  this  degree   conltitutes  a  part  of  a  lai^er  or  fmailer 

*  Let  A',  Fig.  3.  Plate  V.  be  the  unknown  arc  of  the  meridian, 
ccmprelitnded  above  tiie  arctic  circle  A  B  C;  and  let  DEF  be  the  arc 
of  the  Time  meridian,  compi  chendtd  betwctn  the  tropics  ;  thefe  two  arcs 
are  each  47°.  According  to  our  aftronomers,  a  degree  at  the  polar  circle 
is  greater  by  674  fathuins  than  a  degree  of  the  fame  meridian  near  the 
tq-idtorj  the  arc  x  ihcefore  exceeds,  in  extent,  the  arc  DEF  by 
674X47,  or  3i;<>7i  f.iihoms  =  12I  kaguts.  The  queftion  tobc  deter- 
piincd  is,  whether  tlr.s  unknown  poiar  arc  x  is  contamed  within  thic 
circle  in  the  curve  A  b  C,  or  coincides  with  it,  as  A  B  C,  or  falls  without 
its  circamfcunce,  as  A  ."s  C.  The  arc  x  cannot  be  contained  withia 
fhe  circle,  as  A  (6  C,  foi  it  would  then  be  evidently  fis  ;ller  than  the  arc 
ABC  ;  and  the  more  this  curve  AhC  is  flattened,  the  lefs  will  be 
its  e>:5ent,  as  it  will  apjMOSch  nearer  and  nearer  to  the  ftraig'it  line  AC; 
iieiihcr  can  it  ccincide  with  the  arc  AB  C,  for  it  exceeds  it  12*  leagues. 
It  n.uft  belong,  therefore,  to  a  curve  falling  without  the  circle,  as  A.r  C. 
The  globe  of  tfi€  cftrth,  therefore,  is  lengthened  at  the  poles,  fince 
4fjirees  of  ihe  meridian  arc  greater  there  than  at  \.\\z  equator, 
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circle,  a  greater  or  Icfs  portion  of  ground  will  be  pafTed  over 
before  the  tlefired  eleva'ion  is  obfcrvcd  ;  and  the  nieafure- 
mcnt  of  this  around  uue<jv>ivocalIy  decides  uhetlier  this 
degree  is  part  of  a  larger  or  fnialler  circle.  In  tliis  cafe  the 
nieafurenicnt  is  admitted,  but  the  conclufion  denied.  St. 
Pierre  feenis  to  have  fuppofed,  that  the  aeadeniician?  di- 
vided the  polar  arc  into  47  parts,  and  then  nieafured  <Mie  of 
thefc  parts  :  a  thino;  inipraclicable  and  ridiculous.  The  fact 
is,  that  the  polar  arc,  which,  if  the  earth  were  a  perfect 
fphere,  would  contain  47",  does  not  aiStually  contain  fo 
many,  but  perhaps  about  46°  of  a  larger  circle  ;  and  if  tlie 
polar  degrees  are  parts  of  a  larger  circle,  as  they  certainly 
are,  it  is  denionftrablv  evident  that  tiic  real  arc  nuift  be 
contained  within  the  fpherical  arc,  and,  confcquently,  that 
the  earth  is  flattened  at  the  poles  *. 

[To  be  continued.] 

'  Let  the  circle  A  B  C  D^  Fig.  4.  reprefent  the  earth  as  a  fphere,  snd  let 
P  rcprcfcni  the  polar  ftar,  having  no  fenhble  parallax.  Draw  the  diameter 
BD,  prolons^iiiij  it  to  P  ;  draw  the  tranfverfe  diameter  C  A,  the  tangent 
A  P,  and  rh<j  [.ne  F  P,  parnllel  to  A  P  ;  bidet  tlie  quadrant  AD  equally 
at  F  ;  draw  the  tangent  K.  L  perpendicular  to  the  radius  G  F,  ai-.d  with 
the  radius  B  F  dLfcribe  the  circle  E  O  M  N,  and  let  the  fegn:ient  H  E  F 
rcprefent  the  eanh  flattened  at  the  po'ej  draw  the  tangent  S  R  to  the 
circle  EO'MN,  perpendicular  to  the  radius  B  F.  An  obl'crver  at  A  will 
perceive  the  polar  ftar  P  in  the  horizon ;  an  obferver  at  D  or  E  will  per- 
ceive it  in  the  zenith,  or  at  an  elevation  of  90°.-  If  the  earth  be  a  fphere, 
the  tangent  K.  L  will  be  the  horijon  to  an  obferver  at  F,  and  the  angle  of 
elevation  P  F  K  is,  by  conftrudtion,  45°  ;  brt  if  the  earth  is  not  a  fphere, 
but  flatrened  towards  the  pole,  as  in  the  fegment  H  E  F,  the  tangtnr  S  R 
^vi^l  be  the  horizon  to  an  obferver  at  F,  and  of  courfc  the  angle  P  F  S  will 
be  the  angle  of  elevation.  Now,  tiie  angle  EGF  is  bv  conftru6tio:i  43°, 
confcq'jcntiy,  the  <  F  G  B  135°;  and  the  angles  G  B  F  and  G  F  B  each 
Drnv  the  dotted  line  E  F.    Now  the  triangle  R  E  F  is  an  ifcfceics 
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triangle,  and  the  angle  G  B  F  bcins:  found  =:  22*^  30',  it  foliov,  s  that  the 
angles  B  E  F  and  B  F  E  aie  each  78°  45 ',  and  the  <  S  F  B  being  a  right 
angle,  the  <  SFE  is  90''  —  78°  45'  =  1 1"  i  5'.  At  E  draw  the  tangent 
T  V,  and,  for  the  fame  reafon,  the  <  V  E  F  =  1 1^"'  1 5';  and  confcquently 
the  <  E.rF  =  157'-  30',  and  the  <  V  .r  F  =  22*'  30'.  Nov.-  the  <  FZ  Li 
is  a  right  angle,  therefore  the  angle  P  F  S  =  iSo'  —  90"  —  22°  30',  or 
67°  30'.  The  difFcrenre,  therefore,  between  the  elevation  at  E  and  at  F 
will  lie  90°  —  67,30=:  22*^  30',  but  the  ditfercnce  between  the  ttfevation 
at  F  and  D  will  be  43**;  whence  it  is  evident  that  a  larger  mcafuiemtat 
or"  ground  ♦ill  be  inclod;.d  in  a  degree  ia  p-ojx)rtioii  as'  H  E  F  is  the  feg- 
pieiit  of  a  larger  or  fm  lUer  zx.Cy-. 
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VIII.  Account  of  a  nc'u  Operation  lately  performed  with  Suci 
cefs  in  France,  for  rejloriiig  Sight  in  certain  Cafes  of 
Blindncfs .     By  C .  D  E  M  o  u  R  s . 

c 

\^.  DEMOURS,  who  performed  this  new  and  inge- 
nioas  operation,  prefentcd  a  memoir  on  the  fubjeft  to  the 
National  Inftitute,  which  was  read  on  the  15th  of  June  laft. 
From  this  memoir  the  prefent  account  has  been  extra6led. 

The  eye  is  a  ball  or  globe  filled  with  different  tranfparent 
humours,  which  are  contained  in  fevcral  membranes.  The 
outermoft  of  thefe  membranes  is  called  the  cornea ;  it  is 
tranf[)arent,  and  j)laced  before  the  iris,  which  is  the  coloured 
part  of  the  eye,  and  which  itfelf  forms  a  fecond  membrane; 
but  the  latter  is  not  tranfparent,  and  would  prevent  the  ravs 
of  light  from  penetrating  to  the  hind  part  of  the  globe  of 
the  eye,  were  it  not  pierced  with  a  round  hole,  called  the 
pupil.  A  little  beyond  this  hole  is  the  crvftalline  humour, 
foiming  a  kind  of  lens,  through  which  the  rav<(  of  light  are 
obliged  to  pafs  ;  and  by  means  of  which  they  form  diiiincl 
images  on  the  retina  at  the  bottom  of  the  eve.  The  humour 
contained  in  the  infide  of  the  globe  is  called  the  vitreous  hu- 
mour; it  is  perfectly  tranfparent,  as  is  alfo  the  aqueous  hu- 
mour, which  is  placed  between  the  tranfparent  cornea  and  the 
cryftallinc. 

C.  Saiivages,  on  whom  C.  Demours  performed  the  opera- 
tion which  is  the  fubjec-l  of  this  article,  had  for  fevcral 
years  an  abfcefs  in  the  cornea,  in  confequence  of  which  the 
aqueous  humour  was  entirely  wafted,  and  the  tranfparent 
part  of  the  cornea  had  become  totally  white  and  opake  \x\ 
the  right  eye,  and  for  about  four-fifths  in  the  left  eye.  '  This 
eye  is  reprefented  in  the  annexed  engraving  (Plate  V. 
fig*  5)'  The  tranfparent  cornea,  C,  fuffers  to  be  i'ecn  to- 
wards the  upper  part  but  a  fmall  portion  of  the  iris.  The 
while  fpot  covers  entirely  the  round  hole  or  pupil,  which 
exifts  in  the  centre  of  the  iris,  and  through  which  alone  the 
rays  of  tight  can  pafs. 

C.  Dcinours,  taking  advantage  of  the  tranTparency  which 
ftill  exilkd  towards  the  upper  part  of  the  cornea,  ruade  there 
a  fmall  aperlure,   denoted  by  the  letter  A  ;  and   having  iu- 
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troducfd  into  tliat  aperture  a  delicate  pair  of  fcifTars,  made 
a  (iiiall  hole  in  the  iris,  of  the  fize  of  a  feed  of  forrel,  indi- 
cated in  the  engraving  by  th(;  letter  D. 

Throiigli  this  hole,  made  in  a  non-tranfparent  mcni- 
hrane,  the  ravs  of  light  now  enter,  and  form  images  on  the 
retina  at  the  bottom  of  the  eye.  It  is,  therefore,  an  artificial 
pupil  which  fupplics  the  place  of  that  covered  by  the  wiiitc 
fpot  of  the  cornea,  l^ut  as  behind  this  new  j-.upil  there  is 
no  cryftalline  humour  to  colleA  the  rays  with  fullicient 
accuracy  on  the  retina,  C.  Sauvages  is  obliged,  in  ordor  to 
read,  to  make  ufe  of  a  verv  convex  ckf^,  fi^ich  as  Is  ufcd  by 
pcrfons  who  have  inulergonc  an  operation  for  the  catarat^l, 
and  who  have  loft  the  cryftalline  humour.  lie  does  not 
employ  the  glafs,  houcvcr,  except  in  cafes  which  require 
more  diftin6l  vifion  ;  and  he  dill  pofPelies  the  invaluable  ad- 
vantage of  feeing  welf  enough  to  direA  his  way,  and  to 
difccrn  perfectly  every  object  around  him.  By  means  of 
this  ingenious  operation,  light  in  future  may  be  reftored  to 
the  greater  part  of  thofe  who  have  loil  that  faculty  by  large 
fpot s  or  white  fears,  cafes  hitherto  confidcred  as  incurable; 
provided  that  fome  part  of  the  cornea,  oppofiLe  to  the  iris,  has 
remained  tranfparent. 


IX.  O71  the  Cultivation  and  Ufe  of  the  Syrian  Silk-Plant. 
By  J.  A.  MoLLER,  Director  of  the  IVefiphalian  Fatriotis 
Society  *. 

I.  Deferipticn.  X.  HE  filk-plant,  ylfch'pias  Syriaca  Linx. 
known  by  the  old  botanills  and  our  gardeners  under  ihc 
name  of  jlpocvmi7n  Syriacum,  came  originally  from  Syria 
and  Egypt.  It  is  indigenous  alio  in  North  America,  and 
thrives  fo  well  in  Europe,  that  it  would  appear  that  it  is' 
fuited  for  all  countries  and  climates.  The  root  is  perennial, 
and  will  laCt  from  ten  to  twenty  years.  In  Llie  month  of 
April  it  throws  out,  like  afj)aragns  and  hop?,  a  ereat 
number  of  flioots,  the  principal  Item  of  which  rifcs  to  the 
jieight  of  feven  or  eight  feet.     This  ftem,   which  is  as  thick 

"  From    the    Tiaiifafiiouf  of  ike  AiocJcmy  of  the  Ujejv.l  Scttiwes    at 
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as  a  man's  finger,  is  ftraip^ht,  round,  and  fmootli,  and  befet 
Aviih  oval  leaves  of  coniiderablc  fize,  covered  on  the  upper 
fide  with  dark  green,  and  on  the  lower  fide  with  whitifh 
down.  The  plant  has  a  irjlky  juice,  which  is  faid  to  be 
perfedly  harndcfs.  The  flowers  appear  about  the  end  of 
Mav,  and  coniiuue  tiil  the  month  of  July;  there  are  often 
from  twelve  to  fixtecn  on  one  fieni,  each  of  which  forms  a 
bunch,  containing  from  thirtv  to  forty  (ingle  flowers.  Each 
fmgle  flower  adheres  to  the  bunch  by  a  long  thin  ftalk,  and 
horf  a  fweetifli  odour.  Each  bunch  of  flowers  is  fucceeded 
by  three,  four,  and  fometimes  ten  long,  flat,  and  rough 
pods,  which  inclofe  feveral  round,  vellowifh  brown,  flat 
"and  thin  feeds  wrapped  up  in  a  beauliful  fliining  white  kind 
of  lilk.  The  feeds  are  winged  ;  a  form  which  nature  has 
given  with  great  variety  to  many  others,  in  order  that  they 
may  be  conveyed  with  more  eafe,  and  to  a  greater  diftance, 
by  the  wind. 

II.  Ufes. — I  ft.  The  filk,  which  covers  the  feeds  in  tb.c 
pods,  is  the  principal  part  of  ufe,  and  that  from  which  the 
whole  plant  takes  its  name.  The  pods  gradually  acquire 
maturity  from"  Auguft  to  ilie  beginning  of  October,  at 
which  time  thofe  who  cultivate  this  plant  muft  watch  with 
great  care  for  the  period  of  their  burfting,  in  order  to  colle6t 
the  filk,  left  it  fliould  be  carriecj  away  by  the  wind,  or  be 
fpoik  bv  the  rain.  The  pods  when  collefted  are  fpread  out, 
to  the  height  of  about  half  a  foot,  on  a  net  or  rack,  in  an 
airy  place,  in  order  to  dry. 

The  filk,  wliich  is  of  a  fliining  white  colour,  from  an  inch 
to  an  inch  and  a  half  in  length,  and  exceedingly  elallic, 
is  then  taken  out,  and  being  freed  from  the-  {^:t(l6  is  hung  up 
in  thin  bags  in  the  fun,  in  order  that  it  may  become  pcr- 
ftcllv  dry  ;  and  at  the  fame  time  it  is  often  loftened  with 
the  hand,  or  by  being  beat.  This  \egetitbk'  Gik  may  now  be 
ufed,  without  any  further  preparation,  inftead  of  feathers  and 
b.orfe-hair,  for  beds,  cufliions,  c.;verletc  to  beds,  bolftcrs, 
and  mattrrffes.  From  e'_;iu  to  nine  pounds  of  it,  which  oc- 
cupy the  fpace  of  fiosi.  five  to  fix  cubic  feet,  will  be  fufH- 
cienl  for  a  coverlet,  bed,  and  t^o  pHlo-.vs;  uich  beds  therefore 
are  exceedingly  convenient  for  travelling.  It  is  not  advife- 
8  ^bl?, 
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able,  h owe vef,  to  ufe  this  filk  in  common  for  beds  inftead 
of  feathers,  as  it  is  too  foft  and  \varm.  It  requires  as  little 
preparation  for  quilts  and  counterpanes,  and  is  lighter  and 
warmer  than  thofe  of  common  filk. 

For  fpinning,  however,  notwithftanding  its  finenefs,  whicli 
aoproaches  near  to  that  of  common  (ilk,  it  is  not  fit  when 
taken  alone,  as  it  is  almofi;  too  iliort,  and  therefore  mufi:  be 
ufed  \\\\\\  an  addition  of  flax,  wool,  or  common  filk,  but  par- 
ticularlv  of  cotton.  One-third  of  this  fiik  with  two- thirds  of 
cotton  forms  a  very  good  mixture  for  gloves,  ftockings,  and 
caps.  Other  mixtures  mav  be  ufcd  for  diflt^rcnt  kinds  of  ftuiTs ; 
but  it  has  been  obferved  that  the  cloth  is  much  ftrongerwhen 
the  vegetable  filk  is  employed  for  the  woof  rather  than  for  the 
warp.  Many  colours  have  been  applied  to  fucli  cloth  with 
fi;reat  fuccefs,  but  as  each  fubftance  requires  a  peculiar  mode 
of  treatment,  more  experiments  on  this  fubjccl  are  neceflary : 
a  mixture  of  one-third  vegetable  filk,  and  two-thirds  of  hare's 
down,  forms  hats  exceedingly  light,  and  foft  to  the  touch, 
which  have  a  great  refemblance  to  beaver  hats^  and  are  much 
cheaper. 

2d,  As  foon  as  the  pods  have  been  collefted,  the  fiiems, 
which  contain  a  fibrous  part  capable  of  being  fpun,  muft  be 
cut  before  they  become  dry  or  fuffer  from  the  night  frofis. 
They  muft  then  be  immerfed  for  fomc  days  in  water,  like  flax 
or  hemp,  and  then  dried  by  being  fpread  out  on  the  grafs. 
Care,  however,  muft  be  taken  to  afcertain,  by  experiments, 
the  proper  length  of  time,  as  too  much  or  too  little  would  be. 
pr«.judi';ial.  In  the  Lift  cafe  the  flax^-  part  is  brittle,  and  in 
the  former  it  lofes  its  ftrength.  After  it  has  been  v.atered  it 
is  beaten  and  heckled:  for  beating  it  various  kinds  of  ma- 
chinery have  been  invented,  and  for  bruifing  the  ficms  parti- 
cular mills  arc  ufed.  ' 

A  mixture  of  the  threads  fpun  from  the  flax  of  thcfc  ftems 
with  the  vegetable  filk  and  cotton,  produces  a  kind  of  cloth 
Very  proper  for  furniture.  It  has  be^n  however  employed 
chiefly,  with  and  without  an  addition  of  rags,  for  makine:;  all 
kinds  of  writing  and  packing  paper;  which  fometimes  iS- 
fimilur  to  the  Chinefe  paper,  and  fometimes  exceeds  iu 
ttrength  the  ufual  paper  ij^ade  from  rag?. 

3d,  Both 
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3d,  Both  the  inner  white  fkin,  ami  the  external  grecil  hiifk 
of  the  capiulcs,  which  contain  the  feeds,  might  he  employed 
for  nianufatrtiirini;:;  the  finer  forts  of  this  filk  paper. 

4th,  That  as  little  as  ponTible  of  this  plant  ihould  remain 
I'.felefs,  Natnrc  has  provided  in  the  fwcet  juice  ot  its  flowers 
excellent  nourilhnicnt  for  bees.  According  to  the  author  of 
Gefchicktc  Mchur  Bie-ne7i.,  this  plant,  in  the  above  refpe6t, 
the  lime-tree  excepted,  is  fupenor  to  all  other  vegetable  pro- 
ductions. 

In  America  a  kind  of  brown  fugar  is  prepared  from  the 
juice  of  theie  flowers. 

The  great  utility  of  this  plant  has  been  known  only  within 
thefe  thirty  years,  though  it  is  probable  that  it  was  intro- 
duced into  Europe  about  the  time  of  the  crufades.  A  ma- 
nufadlory  of  articles  from  the  filk  of  this  plant  has  been  efta- 
bliOicd  at  Paris  nnce  1760,  and  it  has  long  been  employed  at 
Laufannc,  with  advantage,  for  making  eandle-wieks  j  but  no 
one  has  fliown  more  zeal  in  regard  to  the  cultivation  and 
preparation  of  this  article  than  Mr.  Schneider  of  Liegnltz, 
who  has  recommended  it  in  two  different  pamphlets.  In 
regard  to  the  application  of  it  to  paper-making,  Mr.  Schmid 
of  Lunenburg  has  made  a  variety  of  experiments ;  and  it  is 
much  to  be  wifiied  that  others  would  imitate  his  example. 

HI.  Cultivation. — This  plant  is  propagated  two  wavs, 
either  by  the  feed  or  by  flips.  In  the  month  of  March,  after 
the  land  has  been  well  dug,  the  feeds  are  fown  thin,  anj 
lingly,  in  furrows  of  ihe  depth  of  an  inch,  and  covered  with 
earth,  which  is  thrown  over  them  to  the  depth  of  half  an 
inch  :  they  are  fecured  alfo  from  the  night  froil  by  mofs  or  a 
little  light  dung.  In  from  four  to  fix  weeks  the  young  plants 
bc<!;in  to  appear.  The  firfl  year  they  produce  flowers,  but  do 
not  bear  feeds  till  the  fecond,  and  do  not  come  to  full  ma- 
turity till  the  third.  In  the  third  year  they  are  tranfplanted. 
But  this  method  is  more  laborious,  and  perhaps  ought  not  to 
be  recommended  but  in  particular  cafes,  fuch  as  when  the 
roots  have  degenerated,  or  when  they  are  tranfplanted  to  a  . 
diiVerent  climate. 

The  ol)jc«5t  will  be  fooner  accompliflied  by  flips  from  the 
roots,     /.s  the   phuU  throws  out  around  it  long  ro<Jl3  with 
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licw  eyes,  thefe  muft  be  lopped  off  from  the  old  ftock  either 
in  autumn,  when  the  milky  juice  in  the  plant  has  dried  up, 
or  in  the  fpring,  before  it  again  flows;  and  are  to  be  cut  into 
pieces  of  from  four  to  fix  inches  in  length,  but  care  muft  be 
taken  that  they  have  a  fufticicnt  number  of  eyes.  A  frefh 
incifion  muft  be  made  in  the  root  before  and  behind,  and 
they  are  then  to  be  planted  in  the  ground,  to  the  depth 
of  four  or  five  inches,  in  an  oblique  pofition,  with  the  eyes 
or  buds  ftanding  upright.  Thufc  planted  in  autumn  will 
produce  feeds  the  next  fummer,  and  thofe  planted  in  fpring 
will  bear  the  fccond  fummer. 

In  regard  to  the  further  care  which  this  plant  requires,  the 
following  obfervations  deferve  attention : — It  thrives  in  al- 
moft  every  kind  of  foil,  and  even  the  moft  ftony,  without  all 
further  care :  but,  in  order  to  be  brought  to  perfeclion,  it  re- 
quires a  tender  fandy  foil ;  which,  however,  muft  not  be  too 
poor  and  dry,  and  which  ought  to  have  as  much  fun  as  pof- 
fible.  In  fuch  foil,  when  properly  nurtured,  it  produces  the 
longeft,  fineft,  and  moft  beautiful  filk. 

The  ground,  before  it  is  planted,  muft  be  dug  up  to  a  good 
depth,  and  well  dunged.  It  muft  alfo  be  well  weeded,  and 
kept  exceedingly  cleaji.  After  the  crop  has  been  collected, 
the  ftems  muft  be  cut  clofe  to  the  ground ;  and  the  plants 
which  have  died  muft  be  replaced  by  young  ones.  Towards 
winter  thcv  muft  be  covered  with  a  little  dung,  which  ought 
to  be  fpread  in  the  fpring.  A  fufficient  fpace  alfo  muft  be 
left  between  the  plants.  They  ought  to  be  planted  in  rows, 
and  at  the  diftance  of  one  foot  and  a  half,  or  rather  two  feet, 
from  each  other. 

Of  the  ftems  which  ftioot  up,  only  the  beft  (perhaps 
about  one  half)  (liould  be  left  ftanding;  the  reft,  as  foon  as 
the  flowers  appear,  Ihould  be  cut,  and  placed  in  fand  or 
earth,  to  drv  up  the  miikv  juice  that  flows  from  them.  Even 
of  the  prime  plants,  it  will  be  proper  to  fuft'er  four  or  five  of 
the  loweft  bunches  of  flowers  to  come  to  maturity.  By  fol- 
lowing thefe  cautions,  the  filk  obtained  will  be  of  a  fuperior 
quality.  The  increafe  is  very  great.  In  the  year  1785,  Mr. 
Schneider  began  with  fix  plants,  and  in  1793  ^^'^  ^  planta- 
tion which  crntained  30,000.    The  firft  crop  produced  eight. 
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Ihe  fecond  35^,  and  the  third  600  pounds  of  filk.  If*  tht 
leaves,  after  the  cn)p  has  been  collected,  be  thrown  toge- 
ther in  heaps  to  rot,  they  form  an  excellent  manure  for  fu- 
ture ufe.  In  regard  to  thb  preparation  of  the  filk,  little  is 
necelfary  to  be  faid.  It  niav  eafily  be  conceived  that  it  will 
be  of  advantage  to  feparate  that  which  is  long  from  the 
fhortrr  part,  in  order  that  the  f)rmer  may  be  employed  for 
fpinning.  The  Ihorter  kind  mav  be  ufed  fur  beds  and  for 
hat-making. 

This  plant  may  be  employed  alio  in  the  manufaftory  of 
paper.  Schmid,  an  ingenious  paper-maker  near  Lunenburg, 
has  made  feveral  experiments  with  the  capfulcs  of  this  plant, 
which  cave  the  follo'-vinj;  rcfuhs  : 

ifi.  From  the  interior  white  rind  of  the  capfule,  mixed 
with  one-third  of  rags,  he  obtained  writing-paper  pretty 
white,  of  a  good  quality,  and  limilar  to  the  filk  paper  of  the 
Chinefe.       "       -  ' 

2d,  From  tiie  external  green  part  of  the  capfules  a  greenifli- 
colourcd  paper,  which,  when  fized,  was  ftronger  than  paper 
made  of  rags':  it  was  almofl  as  clofe  in  its  texture  as  parch- 
ment, and  even  when  unfized  did  not  fulfcr  the  ink  to  pe- 
netrate through  it.  This  kind  was  exceedingly  proper  for 
wrapping-paper. 

.3d,  From  the  f^ems  he  obtained  a  paper  fo  like  in  every 
thing  to  eonmion  paper  made  of  rags,  that  the  difference 
could  fearcelv  be  uiftinfTuifhcd. 


X.  On  feveral  new  Properties  dif covered  in  phofphortfed  H>'- 
drogt'n  Gas.  By  C.  Raym,ond,  ProfeJJbr  of  Chemijlry 
in  the  Central  School  of  Ardeche* . 

W  E  are  indebted  to  C.  Gengembre  for  the  interefting 
difcovery  of  phofphorifed  hydrogen  gas.  No  chemift  before 
him  had  ubferved  an  elaltie  f^uid  which,  like  the  one  here 
fpoken  of,  pofTelTes  the  finjinlar  property  of  inflaming  by  the 
contact  of  the  air  alone,  without  requiring  its  temperature  to 
be  raifed,  or  an  ignited  body  to  be  prefcnted  to  it. 

*  From  the  AnnaUs  de  Chlmley  No.  105. 
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The  kind  of  viiululating  and  alwavs  incrcafing  ring  to 
i\hi(.h  this  gas  gives  birth  ;  uhcn  made  to  burn  bubble  by 
Inibble  in  a  place  where  the  air  is  perfeclly  calm  ;  the  fplen- 
dour  and  magnificence  which  accompany  its  combuftion 
when  eflected  in  oxvgen  gas  perfectly  pure ;  the.  fudden  pe- 
netration of  thefe  two  gafes,  and  their  total  converfion  into 
water  and  phofphoric  acid ;  fuch  were  the  onlv  facts  known 
which  had  been  iuterefting  to  chemifts  in  the  hiftorv  of  phof- 
phorifed  hydrotrcn  eas,  wjien  I  endeavoured  to  difcover  whe- 
ther this  elafiic  fluid  did  not  ixjillTs  other  properties,  which, 
if  they  did  not  exhibit  fo  brilliant  a  fpectacle  as  the  greater 
part  of  thofe  above  alluded  to,  might  be  worthy  of  engaging 
the  attention  of  chemifts. 

The  property,  long  known,  which  fulphur  communicates 
to  hydrogen,  and  hydrogen  reciprocally  to  fulphur,  of  being 
able  to  ditfolve  together  in  water,  while  both  taken  feparately 
^re  perfeclly  infoluble,  had  already  given  me  reafon  to  think 
that  the  cafe  might  be  the  fame  with  the  combination  of 
phofphorus  and  hydrogen ;  and  that  thefe  two  fubftances, 
being  previoufly  united,  might  perhaps  then  become  fuf- 
ccptible  of  partaking  in  the  liquidity  of  water,  and  commu- 
nicate to  it  new  properties  nearly  analogous  to  thofe  [TofTefTed 
by  that  foluiion  of  fulphurated  hydrogen  gas  known  under 
the  name  of  bepatifed  ivater. 

To  deftroy  or  confirm  this  fuppofition,  I  took  a  glafs  bot- 
tle, and,  having  filled  it  with  newly  diftilled  water,  inverted 
it  on  the  (liclf  of  a  pneumatic  tub,  in  order  that  I  might  in- 
troduce into  it  phofphorifed  hydrogen  gas  arifing  from  the 
decompofition  of  water  bv  a  mixture  made  with  phofphorus 
and  frefh-llaked  lime.  When  the  bottle  was  half  filled  with 
phofphorifed  hydrogen  gas  I  removed  it  from  the  tub,  taking 
care  to  (hut  very  clofeiy  its  aperture  with  my  finger,  while  I 
Ihook  it  Vv'ith  force  in  order  to  effect  more  fpeedily  an  union 
of  the  gas  with  the  water,  in  the  fame  manner  as  the  folution 
of  carbonic  acid  gas,  as  well  as  that  of  fulphurated  hydrogen 
gas,  is  facilitated  by  making  ufc  of  the  fame  means. 

I  foon  perceived,  by  the  tlrong  adhefion  of  my  finger  to 
the  mouth  of  the  bottle,  that  a  coniiderable  vacuum  had  been 
eflc6led  in  itj  and  perhaps,  even,  that  the  whole  of  the  phof- 
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phorifed  hydrogen  gas  in  it  had  participated  in  the  liquidity 
of  the  water. 

I  then  removed  mv  finger,  but  not  without  fome  difficulty, 
from  the  mouth  of  the  bottle,  that  I  might  examine  more 
accurately  the  nature  and  properties  of  the  liquid  it  contained, 
and  to  afcertain  whether  there  did  not  yet  remain  fome  por- 
tions of  the  gas  fufceptible  of  inflammation  by  the  contaA  of 
the  air.  But,  fcarcely  was  the  connnunication  eflabliflied 
between  the  atmofphere  and  the  inlide  of  the  bottle,  when 
a  loud  detonation  took  place,  acconqianicd  with  a  very  bril- 
liant light.  I  readilv  judged  frcnn  this  phaiuomcnon,  that 
the  whole  of  the  phofphorifcd  hydrogen  gas  had  not  been 
abforbed  bv  the  water  contained  in  the  bottle  -,  on  which  ac- 
count I  clofcd  the  aperture,  in  order  to  prevent  the  combuf- 
tion  from  beinc;  louffer  continued  ;  which  would  not  have 
failed  to  produce  a  confiderable  quantity  of  phofphoric  acid, 
and  coufequeatly  to  occafion  great  uncertainty  in  regard  to 
the  refults  which  I  wifhed  to  obtain. 

The  bottle  having  been  clofely  flopped,  I  continued  to 
fliake  it  feveral  times,  under  an  idea  that  I  fliould  by  thefe 
means  be  able  to  fix  entirely  the  lafl  portions  of  the  phof- 
phorifcd hydrogen  gas  which  had  remained  unditlblved. 

Hoping  that  I  had  iucceeded,  and  impatient  to  know  the 
new  properties  which  the  water  faturated  with  the  gas  might 
have  acquired,  I  determined  to  unrtop  the  bottle  a  fecond 
time  in  eontacl  with  the  air,  This  was  foon  followed  by  a 
fecond  detonation,  flronger,  indeed,  than  the  former.  After 
this  I  did  not  t'link  of  flopping  the  aperture  of  the  bottle,  fo 
that  a  flame  exceedingly  pale  continued  for  fome  minutes  to 
ifTue  from  it. 

When  I  obfcrvcd  no  more  apparent  figns  of  combuflion, 
I  examined  bv  the  fmell  and  tade  the  Hqror  remaining  in 
the  bottle.  Its  fmell  appeared  to  me  exceedingly  difagree- 
able,  and  altogether  different  from  that  of  gafeous  phofpho- 
rifcd hydrogen ;  its  taflc,  though  very  bitter,  had  in  it,  how- 
ever, fomething  infipid  and  difgufling;  and  its  colour  was  a 
little  inclining  to  that  of  lemon. 

When  tried  with  tincture  of  turnfol  it  foon  made  it  fenfibly 
red,  which  I  afcribed  to  the  fmall  portion  of  phofphoric  acid 

which 


phofphor'ifed  Hydrogen  Gas.  l^J 

^hich  niuft  have  been  produced  at  tlie  moment  when  tlic 
detonations  took  place,  as  well  as  during  the  difengagement 
of  the  flame  which  followed  the  fccond  detonation. 

I  was  then  obliged  to  begin  a  new  operation,  that  is  to  fay, 
to  diflblve  phofphorifcd  hydrogen  gas  again  in  water,  that  [ 
might  afcertain,  bv  employing  more  caution,  in  what  accu- 
rate proportions  this  folution  might  be  eifefted ;  and  that  I 
might  prevent  combuftion  alfo  from  taking  place  in  the  in- 
fide  of  the  bottle,  which  would  have  become  a  fource  of  error 
in  the  conclulion  of  my  experiments. 

I  had  afcertained  with  certainty,  by  means  of  the  quantity 
of  water  and  gas  which  I  had  tried  to  diflblve  the  firll  time, 
as  well  as  bv  the  detonations  which  had  taken  place  at  the 
moment  when  the  bottle  was  unftopped,  that  diftilled  water 
could  not  diflcjlve  at  the  temperature  of  47="  a  volume  of 
phofphorifcd  hydrogen  gas  equal  to  its  own.  I  took  care, 
therefore,  to  introduce  into  the  bottle  the  fecond  time  onlv' 
about  a  third  of  its  capacity  of  the  gas.  I  then  repeatedlv 
{liook  the  mixture  in  order  to  render  the  union  of  the  gas 
with  the  water  fpeedicr,  and  as  complete  as  poflible;  after 
which  I  unftopped  the  bottle,  holding  it  inverted  in  a  fmall 
tub,  which  I  had  filled  with  newly  diftilled  water,  that  I 
miffht  fee  whether  it  would  become  entirely  filled  with  it 
merely  bv  the  effeft  of  the  prefl\ire  of  the  atmofphere,  and 
that  I  miffht  thence  judge  whedicr  the  whole  gas  had  been 
liquefied, 

I  indeed  faw  a  portion  of  the  water  in  the  tub  afcend  into 
the  bottle,  but  I  perceived  alfo  that  it  was  not  entirely  filled; 
which  confirmed  n:ie  in  the  opinion  that  there  ftill  remained  a 
portion  of  the  gas  which  had  not  participated  in  the  liquidity 
of  the  water.  Plaving  then  tried  to  make  fome  bubbles  of  it 
iflTueout  through  this  licjuid,  thefe  bubbles  inflamed  fponta- 
taneouflv  by  the  contaft  of  the  air  alone ;  w  hich  proved  to 
me  that  the  phofphorifcd  hydrogen  gas  had  not  been  decom- 
pofed  at  all  by  agitation,  nor  by  its  contadl  with  diftilled 
water ;  whereas  it  foon  lofes  its  highly  combuftible  property 
when  collected  in  bottles  filled  with  water  which  has  not  been 
diftilled,  or  diftilled  water  which  has  been  long  kept,  which 
1  afcrjbe  to  the  quantity  of  air  which  common  water  always 
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holds  in  fululion,  the  oxygen  of  which,  joining  a  portion 
of  the  phofphorus,  effefts  its  feparation  from  the  hydrogen  by 
converting  it  into  phofphorous  oxvd,  which  being  altogether 
infv)luble,  depofits  itfelf  on  the  fides  of  ihe  vcflcl,  without  any 
appearance  in  this  kind  of  oxydation  of  any  fenfible  fign  of 
combuftion;  while  the  oxygen  of  the  atmofpheric  air,  which 
participates  in  the  liquidity  of  the  water,  being  always  in  that 
cafe  deprived  of  a  large  portion  of  the  light  and  caloric  which 
are  combined  with  it  in  its  aerial  aggregation,  cannot  pro- 
duce thefe  two  eftecls  in  a  very  fenfible  manner  when  it 
patl'cs  in  this  ftate  of  liquid  aggregation  from  one  combina- 
tion to  anolher. 

Having  ao;ain  agitated  the  bottle  after  clofing  the  mouth  of 
it,  I  was  able,  by  means  of  the  fmall  quantity  of  water  which 
had  been  introduced  into  it,  and  of  w  hich  I  kept  an  exact 
account,  to  render  the  abforption  of  the  laft  portions  of  the 
gas  complete  J  for,  having  a  fecond  time  vmcorked  the  bottle 
in  the  fame  diftilled  water,  I  then  faw  it  become  entirely 
filled.  I  think  I  may  atnrra,  therefore,  from  thefe  trials, 
and  fome  others  which  I  made,  that  water  freed  from  air  by 
tliftillation  can  diflblve  and  liquefy,  at  the  ufual  temperature, 
a  little  lefs  than  the  fourth  of  its  volume  of  phofphorifed  hy- 
drocren  o-as,  and  that  with  this  dofe  it  is  completelv  faturated. 

This  folution  thus  prepared,  and  kept  free  from  the  con- 
tact of  the  air,  always  exhibited  the  following  properties : 

In  colour,  it  has  a  pretty  near  refemblance  to  fulphur  la 
{licks,  though  a  little  lefs  dark  ;  it  has  a  ftrong  difagreeable 
odour,  and  an  exceedingly  bitter,  naufeous,  and  dii'gufting 
tafte. 

When  examined  in  the  dark,  this  folution  does  not  appear 
luminous ;  which  proves  that  the  phofphorus  is  intimately 
combined  in  it  with  the  hydrogen. 

When  dirtilled.in  a  fmall  retort,  connefted  with  a  pneu- 
matic apparatus,  it  furniflies,  at  a  temperature  a  little  above 
that  of  boiling  water,  and  efpecially  when  diitilled  foon 
after  it  has  been  prepared,  a  very  large  quantity  of  phof^ 
phorifed  hydrogen  gas,  as  pure  and  as  combu{lil;le  as  that 
obtained  bv  heating  cauilic  alkalies,  or  quicklime,  with 
phofphorus  and  a  very  fmall  quantity  of  water:  what  after- 
4  wards 
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wfrds  remains  in  the  retort  after  the  difengagcment  of  this 
gas  has  ehtircly  ceafed,  is  nothing  elfe  than  pure  water, 
having  neither  odour,  tade  nor  colour,  and  perfectly  re- 
fembling  water  newly  diftilled. 

When  brought  into  contact  with  attnofpheric  air,  this 
folution  foon  fuffers  to  be  depofited  a  remarkable  quantity  of 
red  oxyd  of  phofphorus,  and  at  the  fame  time  hiffers  to  be 
difengaged  hydroaen  gas,  which  is  no  longer  fufceptible  of 
inflammation,  except  when  brought  into  contat?!:  with  a 
body  in  a  Hate  of  iijnition.  If  the  folution  be  long  expofed 
to  the  air,  and  if  the  points  of  contaft  be  frequently  re- 
newed by  agitation,  it  becomes  completely  dccompofed ; 
that  is  to  fay,  is  entirely  refolved  into  phofphorus,  oxyd,  and 
pure  hydrogen  gas. 

Tincture  of  turnfol  and  that  of  violets  experience  no 
change  in  their  colour  from  being  in  contact;  with  liquid 
phofphorifed  hydrogen  ;  which  proves  that  this  liquor  is 
neither  acid  nor  alkaline. 

The  fulphuric  and  nitric  acids,  or  the  fimple  or  oxygenated 
muriatic,  when  poured  over  this  liquor,  produce  no  efie<St 
worthy  of  notice. 

Potafli,  foda  and  ammonia  aft  in  the  fame  manner. 
The  oxyds  of  niercury  and  lead  are  fpeedily  reduced,  and 
immediately  converted  into  metallic  phofpliurets,  by  being 
mixed  with  the  folution  of  phofphorifed  hydrogen  gas. 

When  poured  into  nilrat  of  filver,  this  folution  immedi- 
ately produces  a  very  abundant  black  precipitate,  which  does 
not  in  the  leaft  change  its  colour,  and  which,  when  tried 
by  the  blow-pipe,  exhibits  the  characters  belonging  to  me- 
tallic phofphurets. 

When  brought  into  contact  with  a  folution  of  mercury 
by  nitric  acid,  it  gives  alfo  immediately  a  very  conflderable 
precipitate,  which  has  tirft  a  black  colour,  but  which  be- 
comes white  and  cryftallifed  in  proportion  as  it  paifes  from 
the  Itate  of  phofphuret  to  that  of  mercurial  phofphat,  by 
imbibing  oxygen,  either  from  the  nitric  acid  in  which  the 
precipitation  takes  place,  or  from  the  atmofpheric  air 
with  which  it  is  in  contact. 

A  folution  of  lead  by  the  nitric  acid  is  alfo  decompofed 
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by  the  hydro-phofphorous  liquor,  but  with  lefs  force  than  flie 
folutionsof  filver  and  mercury  are.  There  is  formed  in  this 
dccompofilion  alfo  phofpliuret  of  lead,  which  in  the  courfe 
of  time  is  converted  into  a  phol'phat. 

The  fulphat  of  copper  Ihows  alfo,  at  the  end  of  a  certain 
time^  a  pretty  abundant  black  precipitate  when  poured  into 
a  folution  of  phofphorired  hydrogen.  This  precipitate,  like 
that  obtained  by  the  decompofition  of  nitrat  of  filver,  re- 
tains its  colour ;  which  may  give  us  reafon  to  believe  that 
it  can  be  converted  only  with  difficulty  into  a  phofphat. 

Sulphat  of  iron  did  not  appear  to  me  to  experience  anv 
ftnf.ble  decompofition  till  the  end  of  feveral  days.  Nitrat  of 
arlcaic,  poured  into  this  liquid,  did  not  experience  any  fen- 
iible  decompofition  till  the  end  of  feveral  days.  There  was 
then  formed  a  precipitate  of  a  very  beautiful  yellow  colour 
under  the  form  of  fmall  grains,  and  which  could  remain  a 
long  time  expofed  to  the  air  without  experiencing  any  kind 
of  chanoe.     This  precipitate  was  an  arfenical  phofphuret. 

It  refults  from  thefe  new  properties,  firll  difcovered,  I 
think,  by  myfelf,  in  phol'phorifed  hydrogen  gas,  ift,  That 
this  gas  can  unite  itfelf  to  diftllled  water,  in  the  proportion 
of  about  a  fourth  of  its  volume,  when  the  folution  is  ef- 
fedled  at  the  temperature  of  44-5  of  Fahrenheit's  thermo- 
meter*. 2d,  That  this  gas  connnunicates  to  the  water  in 
which  it  is  difll'olved  a  ftrong  difagrecable  odour,  as  well  as 
a  bitter  talte,  which  may  one  day  make  it  be  employed  with 
fucccfs  in  the  treatment  of  many  difeafes,  either  on  account 
of  the  facility  with  which  this  preparation  fulfers  itfelf  to 
be  decompofed,  or  of  the  part  performed  by  the  phofphorus 
it  contains  in  the  formation  of  animal  matters.  3d,  That 
when  water  well  freed  from  air  has  been  employed  to  liquefy 
this  gas,  and  when  care  has  been  taken  to  keep  it  thus  dif- 
folved  in  bottles  well  corked,  it  may  be  prcferved  a  long 
time  without  experiencing  decompofition,  fo  that  by  heating 
the  folution  you  may  extract  from  it,  in  the  ftate  of  gat^, 
all  the  phofporifed  hydrogen  it  contains.     4th,  That  when 

■^  It  is  probable  that  at  the  temperature  of  freezing  water  niij^ht  difrolv* 
a  larger  quantity,  but  the  want  of  phofplsorus  prevented  me  from  afcertairt- 
in^  this  fait. 
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the  water  has  thus  been  freed  from  all  the  phofphorifed  hy- 
drogen it  had  diflblved,  it  becomes  pure  water;  which 
proves  that  it  was  indebted  for  its  new  properties  to  the  pre- 
fence  of  this  gas  alone.  5th,  In  the  lalt  ]:)lace,  that  this 
folution  is  capable  of  f[)eedily  reducing  feveral  metallic  oxyds, 
whether  alone  or  diflblved  by  acids,  and  of  forming  with 
them,  bv  means  of  double  elettrive  attraction,  water  and  me- 
tallic phofphurct-!,  Gombinatioas  wliich  hiiherto  have  been 
obtained  only  in  the  dry  way  ;  that  is  to  fay,  by  heating 
metals  with  phofphorus,  or  by  decoiiipofmg  phofphoric  glafs 
or  metallic  phofphats  by  metals  and  charcoal.  Such  are 
the  properties  which  appear  to  me  fufficiently  interelting  to 
be  worthy  of  being  added  to  the  ftill  imperfe6l  hiftory  of 
phofphorifed  hydrogen  gas. 


XL   On  the  general   Nature  of  Light.     i?>'  i\/r.  RoEERT 
Hkron.    dminunicatcd  by  the  Author. 


T 


HROLTGH  the  medium  of  the  Philofophical  Maga- 
zine I  beg  leave  to  lay  before  men  of  fcience  the  following 
opinions,  which  have  lately  fuggefted  themfelves  to  me  as 
neceilary  and  fair  inductions  from  thofe  fa£ts  that  have  come 
to  my  knowledge  refpe£ting  lia;ht, 

I.  Light  pali'es  only  through  the  vacuities  in  other  bodies; 
does  not  penetrate  their  folid  fubftance,  fo  as  ever  to  ccexifl 
with  it  in  the  fame  place. 

1.  It  palfes  through  thofe  vacuities  in  flraight  perpendi- 
cular lines,  without  any  lofs  of  its  qualities  by  attenuation 
and  fubdivifion  of  its  particles  :  or,  it  is  refracted  fiom  the 
perpendicular  with  a  fubdiviiion  of  its  particle?,  by  which  its 
qualities  are  altered  :  or,  its  paflage  is  wholly  interrupted, 
and  it  is  either  reflected  orabforbed. 

3.  Since  general  attrat^tion  a6ts  in  bodies  in  the  proportion 
of  their  matres  and  aggregation;  fince  the  more  the  affiniiy 
of  aggregation  is  in  any  bodies  deftroyed,  fo  much  the  m.cre 
readily  and  powerfully  do  the  chemical  affinities  of  com- 
pofition  a6t  upon  them ;  fince  the  extreme  tenuity  of  light; 
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the  fubtlleft  of  all  vifible  fubftanccs,  renders  it  Infinitetjf 
lenfible,  equally  to  the  general  attraftive  force  and  lo- the 
chcniical  afiinities  of  other  bodies  approaching  it : — for  thefe 
realbns,  the  fame  ^^«^r«/  and  cZ^^wi^-^/ affinities,  which  pro- 
duce the  other  changes  on  material  bodies,  mud  appear  fuf- 
/icient  to  occafion  the  diffe'-ent  phienomena  which  light  pre- 
fents  in  its  various  tranfitions. 

4.  The  true  primiiive  colour  of  light,  when  unmixed 
with  other  fubftanccs,  when  its  particles  exift  together  in 
their  natural  arrangeincni  ?nd  aggregation,  when  the  at- 
tractions of  other  bodies  for  it  acl  not  fo  as  to  fcatter  or  de- 
conipofe  its  parts,  is  white. 

5.  Its  colours  and  its  peculiar  a6tion  on  the  optic  nerve 
depend  on  the  peculiar  forms  of  its  elementary  particles,  on 
their  peculiar  aggregation,  on  their  mechanical  and  chemical 
qualities,  on  the  modes  of  its  d'lffujion. 

6.  It  pafjes  luithout  alteraiir>?i  or  deflexion  through  tranf- 
pArent  bodies  in  which  the  abfolute  vacancies  are  fufficiently 
numerous  ^o  receive  its  rays,  in  which  the  difpofition  of 
thefe  vacancies  is  perpendicular  to  the  direftion  of  the  rays,- 
and  in  which  the  attractions  of  the  body  for  the  light  are 
not  fo  ftrong  as  to  acl  on  the  rays  with  a  diflblving  or  a  de- 
compofing  force. 

7.  It  is  refraSled^  when  the  vacuities  in  the  bodies  on 
which  it  falls  are  not  difpofed  throughout  the  tranfparent 
iTiedium  perpendicularly  to  the  direction  of  the  rays;  and 
when  the  attractions,  chemical  and  mechanical,  of  the 
parts  of  that  medium  are,  in  refpcCt  to  light,  fo  powerful  as 
to  occafion  either  a  tendency  to  the  carrying  of  the  ray  into 
new  combination,  which  Ihall  alter  it?  aggregation,  or  even 
a  partial  fixalioh  of  it  in  fome  new  compound. 

8.  It  is  rejieSled  when  it  falls  on  furfaces  which  prefcnl 
no  retlilinear  'vacancies,  none  but  fuch  as  are  curves, 
through  which  its  rays  cannot  pafs;  and  when,  at  the  fame 
lime,  thofc  furfaces  have  no  affinities  for  its  particles  of 
fufficient  ftrengih  to  attract  thefe  particles  into  their  own 
eonipofition.  When  thefe  circumllances.  concur  in  their 
utmoft  power  the  reflexion  is  complete,  and  all  the  falling 
rays  are  returned  IVom   the  furface ;    but  the  required   cir- 
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cum  (lances  feldom  do  fo  fully  concur.  In  moft  cafes  of  the 
rcflcxion^f  light,  there  is  a  portion  of  the  falling  light  either 
tranfmitted  or  ab forked. 

9.  Light  is  abforbed  in  the  bodies  on  which  it  falls,  when 
their  attractions  fix  it  in  new  compounds  with  their  parts; 
or  when  they  prefent  a  medium  in  which  it  may  be  for  a 
time  fufpended,  though  not  carried  into  a6lual  combi- 
nation. 

10.  As  the  primitive  colour  of  light  depends,  in  a  great 
mcafure,  on  the  conformation  and  the  relative  arrangement 
of  its  particles,  fo  the  other  colours  which  it  all'umes  in  re- 
fraAion  depend  likewife  on  changes  in  the  arrangement  of 
thofe  particles  whieli  vary  the  eftect  of  iheir  conformation. 
While  the  particles  remain  in  the  fame  arrangement  the 
colour  is  the  fame;  and  their  elementary  conformation,  and 
the  law  of  movement  to  which  they  are  fubjeft,  continue 
their  illuminating  effect  to  the  eye  till  they  are  loft  by  ex- 
treme diffufion,  by  abforption,  or  perhaps  by  entire  decom- 
pofition. 

The  permanent  colours  of  the  furfaces  of  bocfies  depend 
on  the  fame  laws  as  the  colours  of  the  ravs  of  light.  The 
conformation  and  the  arrangement  of  the  extreme  elementary 
particles  at  the  furfaces  of  all  bodies  determine,  relpectivelv, 
their  different  colours.  White  furfaces,  for  inftance,  have 
one  conformation  and  arrangement  of  the  minuteft  par- 
ticles at  their  extremities  :  blue  furfaces  have  another  con- 
formation and  arrangement  of  the  fame  particles  :  red  fur- 
faces another,  8cc.  bcc.  Thefe  extreme  particles  of  the  fur- 
faces of  bodies  do  not  conftitute  light,  becaufe  they  are  not 
unconfined  and  in  m.otion,  have  not  its  peculiar  re6lilinear 
elafticity,  poffefs  not  its  chemical  affinities;  but  when 
light  is  thrown  upon  them,  they  become  vifible,  each  fet  of 
particles  under  a  different  colour,  juft  as  its  conformation 
and  arrangement  are  different.  The  extreme  particles  of 
blue  furfaces  have  the  fame  conformation  and  arrangement 
as  the  particles  of  light  in  a  blue  ray;  and  fo  of  other  co- 
lours. 


Y  2  XII.  Ac- 
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Xn.  Some  Account  of  Frederick  Augustus  Eschen, 
ivho  laas  Jzuallowed  up  in  a  Pijfure  of  the  Snow  in  the 
Glacier  of  B^et  *. 


X^  Rederick  Augustus  Eschen  was  born  in  I777> 
at  Eutin,  in  the  circle  of  Lower  Saxony,  where  his  father 
enjoyed  a  pubhc  office,  which  gave  him  an  opportunity  of 
having  frequent  intercourfe  with  the  archhiHiop  of  Lubec, 
his  fovereign,  by  whom  he  was  highly  efteemed.  The  prince 
flood  godfather  to  this  fon,  and  invelled  him  with  the  ca- 
nonicate.  Being  the  ekleft  of  a  numerous  family,  young 
Efchen  was  delVmed  for  the  ftudv  of  jurifprudence,  with  a 
view  that  he  might  be  fitted  for  holding  fome  public  employ- 
ment; but  his  father  did  not  confine  his  education  merely  to 
thofe  branches  of  kno-.vLdge  neccflarv  for  that  line.  He  was 
inllruAed  in  the  fciences  and  the  fine  arts;  and,  being  early 
familiarifed  with  both,  he  applied  to  them  with  unaJjated 
ardour,  and  made  fuch  a  rapid  progrefs  as  attrafted  the  at- 
tention of  fome  of  the  moft  celebrated  men  of  Germany, 
amono-  whom  was  V(/s^  who  lived  in  the  fame  village,  and 
wafi  an  intimate  friend  of  his  father.  Young  Efchen  was 
partic:ularly  noticed  alfo  b\  Count  Stolberg,  <velj  known  by 
his  iranflrition  of  Plato's  Dialogues  and  his  Travels  through 
Swifferland  and  Italy. 

At  the  age  of  twentv,  yor.ng  T'.fchen  quitted  his  fiUhcr's 
houfe,  and  repaired  to  the  Tuiiverfiiy  of  Jena,  where  he  ap- 
plied chiefly  to  philofcjpby  and  jurifprudence;  the  former  of 
which  he  ftudied  under  Fichte,  the  difciple  and  rival  of  the 
celebrated  Kant ;  and  the  latter  under  Profelfor  Hufeland,  a 
man  as  much  diftinguiflied  by  his  private  virtues  as  by  his 
talents  and  learning.  Natural  hiftory  and  philofophy  occu- 
pied alfo  fome  part  of  his  attention  ;  nor  did  he  negle6l  po-r 
etry,  to  which  he  Itad  a  (Irong  natural  propenfity.  He  tranf- 
late4  feveral  pieces  from  the  Greek  and  Latin  languages, 
which  were  almod  as  familiar  to  him  as  his  own,  and  to 
which  he  had  added  almoll  all  thofe  of  Europe.     He  pub- 
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liflied  alfo  various  fpecimcns  of  original  poetry,  many  of 
which,  of  the  Idvl  kind,  met  with  the  approbation  of 
Schiller  and  Goethe,  the  former  of  whom  infer  ted  one  of 
them  in  the  Almanac  of  the  Mufes,  of  which  he  is  the 
editor,  ^-'^nother  of  them,  entitled  Die  Lehre  der  Befchie- 
denheity  The  Leffon  of  Modcdy,  deferves  to  be  known  on 
account  of  the  ingenious  manner  in  which  the  author  treats 
a  trifling  fubje6l  little  fufctptible  of  poetical  ornaments. 
Efchen  wrote  alfo  feveral  eflays  and  dilfertations  on  different 
points  of  antient  literature,  which  appeared  in  fome  ot  the 
German  journals,  and  which  procured  him  an  acquaintance 
with  feveral  men  of  eminence  in  the  republic  of  letters.  It 
is  no  little  recommendation  of  Efchen's  chara61:er,  than  we 
can  mention  among  thefe  Schlcgel  and  Humboldt. 

In  the  fpring  of  the  year  1798,  Efchen  undertook  a  journey 
to  Swiflerland  in  order  to  fuperintend  the  education  of  a  young 
man,  chiefly  with  a  view  that  he  might  improve  his  own  ; 
and  for  that  purpofe  fettled  at  Berne,  where  one  of  his  coun- 
trymen had  been  before  engaged  in  the  fame  occupation. 
Others  foon  followed  him ;  and  fome  young  inhabitants  of 
Berne,  who  had  been  the  companions  of  his  ftudies  at  the 
univerfitv,  joined  themfelves  to  the  circle  of  his  friends.  In 
the  enjoyment  of  their  company,  with  the  charms  of  friend- 
fliip  and  ftudy,  though  amidft  the  rtorms  of  the  revolution, 
he  faw  two  years  glide  away  in  peace,  and  diftinguiihed  by 
labours  which  miirht  have  done  honour  to  a  longer  life.  His 
tranflation  of  the  Odes  of  Horace  had  juft  appeared  a  little 
before  the  fatal  event  which  fnatched  him  from  letters  and 
from  his  friends.  This  produflion  may  be  reproached 
with  containing  too  many  Latinifms  and  bold  expreflions 
little  fuited  to  the  orenius  of  the  German  lano;uao;e:  but  with 
all  thefe  faults  it  will  flill  remain  a  claflic  work  worthy  of 
beiu'j;  ranked  among  the  real  treafures  of  German  literature, 
and  which  ought  to  have  infpired  the  greatefl:  hopes  of  a 
young  man,  who,  at  twenty- three  years  of  age,  could  ven- 
ture to  undertake  a  tafk  fo  difficult. 

The  unfortunate  cataftrophe  which  terminated  the  life  of 
this  interefting  young  man  has  been  already  detailed  m  this 
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journal.  We  fhall  therefore  only  oblerve  that,  about  the 
end  of  July,  this  year,  Efchen  undertook,  in  company  withf 
M.  Theodore  ZiemfTen  his  friend  and  countryman,  a  tour 
to  the  borders  of  the  lake  of  Geneva  and  the  valley  of  Cha- 
mouni.  They  afcended  together  the  Buet,  a  high  mountain 
behind  the  village  of  Scrvoz,  celebrated  by  the  experiments 
ijiade  there  by  De  Luc  and  SaulTure,  and  which  commands  a 
view  of  the  country  round  Mount-Blane.  They  were  jufton 
the  point  of  reaching  the  furamit,  and  nothing  feemed  to 
announce  that  any  danger  was  to  be  apprehended;  Efchen 
was  walking  forwards  in  high  fpirits  before  his  frierrd  and 
their  guide,  when,  all  of  a  fuddcn,  his  two  companions  loft 
fight  of  him.  A  thin  cruft  of  fnow,  which  covered  a  deep 
fifl'ure,  had  given  way  under  his  feet,  and  he  fell  into  the 
sbyfs;  where  he  perilhed  as  already  related. 

XIII.   On  the  Difcovery  of  that  Salt  known  under  the  Name 
of  Scignettd's  Salt  (Tarlrite  of  Soda).    By  Profejfur  Beck.- 

MANX. 

JL  HIS  neutral  fait,  which  confilb  of  the  mineral  alkali 
(foda)  and  the  acid  of  wine-ftone  (tartareous  acid),  was  pre- 
pared and  made  known  by  a  Frenchman  named  Peter  Seig- 
nette,  towards  the  end  of  the  lad  century.  The  confidence 
with  which  the  inventor  reconmiended  it,  and  the  care  he 
took  to  conceal  the  method  of  making  it,  had,  as  is  ufual, 
fuch  an  effect,  that  it  was  employed  in  preference  to  many 
other  medicines,  long  known,  which  had  been  equally  fer- 
viccable;  and  by  thefe  means  he  was  enabled,  without. much 
trouble,  to  acquire  a  fortune.  It  muft,  however,  be  allowed 
that  he  was  a  Ikilful  chemift,  who,  by  his  writings  and  the 
invention  of  various  other  medicines,- had  obtained  confider- 
able  reputation  as  a  phyfician  and  naturalift.  He  was  efta- 
bliflied  as  an  apothecary  at  Rochelle;  puhliflied  papers  ou 
various  natural  obje6ls  which  he  had  obferved  in  his  neigh- 
bourhood, in  the  Memoirs  of  the  Academy  of  Sciences  at 
Paris,  as  well  as  in  other  works,  and  died  on  the  nth  of 

March 
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March  1719*.  He  recommended  fhls  fait,  which  enriched 
him  and  rendered  his  name  famous,  in  fome  fmall  treaiifes 
printed,  in  particular,  about  the  vear  1672.  He  called  it 
(omctimes  alka/ifie  fait,  (ometlmtsjal  polycbref,  and  fom6- 
trmes  Rochelle  fait.  After  his  death,  his  fon  continued  to 
prepare  and  to  vend  it  with  the  greateft  fuccefs. 

Manufacturers  and  mechanics  have  been  often  reproached 
with  the  jealoufy  which  they  entertain  of  literary  men  ;  but, 
in  my  opinion,  the  latter  are  the  caufe  of  it.     It  mufl  indeed 
be  confelfed,  though  humiliatin"-  fx)r  human  knowledoe   that 
the  moft  ufeful  difcoveries  have  at  firft  prefented  themfelves 
to    the    former,     while  engaged   in   the  various  operations 
which   their  employments  require ;  but  their  merit  confifts 
principally  in  remarking  and  following  phnenomena  till  they 
produce  from  tiiem  fomething  ufeful.     If  they  are  fo  fortu- 
nate as  to  fucceed,  they  keep  their  difcoveries  fecret  in  order 
that  they  may  enjoy  a  monopoly  of  them  ;  but  no  fooner  has 
the  man  of  letters  heard  of  a  new  difcovery  than  he  wiflies 
to  have  a  (hare  in  the  honour  of  making  it  known;  and  his 
zeal  in  this  refpeCl  is  proportioned  to  its  importance  and  the 
care  with  which  it  is  concealed  ;  becaufe,  in  general,  he  can 
gam  only  by  rendering  it  public.     The  man  of  letters,  how- 
ever, has  a  great  advantage  over  the  mechanic  or  manufac- 
turer, as  his  exertions  never  f^iil  to  be  approved  ;   becaufe,  by 
endeavouring  to  diffufe  an  important  benefit,  he  appears  in 
the  charafter  of  a  patriot,  a  friend  to  mankind,  and  a  citizen 
of  the  world  5  and  may  thus  place  the  merit  of  the  mechanic 
or  manufacturer  in  a  dlfidvantageous  point  of  view.     This 
oppofition  of  private  intereft  proves  of  great  utility  to  the 
whole  f«ciety  of  which  both  parties  are  members.     When 
the  mechanic  or  manufacturer  makes  difcoveries,  they  are 
communicated  to  the  public  by  the  man  of  letters;  who,  by 
thefc  means,  renders  them  vifeful ;  prevents  their  being  hurt- 
ful by  a  monopoly ;  fecures  them  from  dying  with  the  dif- 
'fcoverer;  and,  by  inveftigating  the  principles  on  which  they 

•  Some  of  Seignette's  papers  are  printed  in  Bibliotheqve  H'lJIori'jue  de 
la  France  par  Ferret  de  Fontelte,  Paris  I778,  5  vols.  fol.  fuch  as  a  paper 
fiken  from  Memo-res  de  V  Acad.  1707,  p.  115  ;  and  alfo  in  Bijioire  de  la 
Kiclt^U«,^ar  M.  Artre,  Vcl.  II.  p.  424. 
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depend,  makes  their  benefit  to  mankind  more  certain^  and 
{hows  how  they  may  be  appHed  in  various  cafes  of  which 
the  artift  or  manufa6lurer  never  had  an  idea*.  If,  by  this 
€  )nduft,  he  leflen  the  merit  of  one,  he  on  the  other  hand 
points  out  employment  to  manv;  and  gives  rife  to  eftablifh- 
ments  in  which  thoiifands  participate,  and  by  which  they 
acquire  riches. 

Thus  Seignette  difcovered  fal  polychreft  while  he  was 
engaged  in  making  folublc  tartar  (tartrite  of  potafli),  and, 
according  to  the  old  ooinion,  imagining  that  both  the  fixed 
alkalis  were  the  fame,  ufed  foda  inftead  of  the  alkali  of  tartar 
(potafli).  By  thefe  means  he  procured,  not  without  furprife, 
a  fait  different  from  the  common  foluble  tartar,  which  he 
wiflicd  to  prepare,  and  from  the  other  well  known  fait  alfo. 
He  was  induced  therefore,  to  examine  it ;  and  having  found 
it  to  be  a  new  laxative,  he  recommended  it  and  became  rich. 
The  experiments  of  learned  chemifts  difcovered  the  compo- 
nent parts  of  this  fait;  the  mode  of  preparing  it  was  then 
made  publicly  known ;  and,  by  more  accurate  examination, 
(he  diflierence,  before  overlooked,  between  vegetable  ind 
mineral  alkalif  was  determined ;  by  which  new  light  was 
thrown  upon  chemiftry,  and  an  important  fervice  rendered 
to  a  variety  of  arts. 

Among  thofe  who  contributed  to  bring  this  fait  into  re- 
pute was  Nicholas  Lcmery,  to  whom  Seignette  fent  a  large 
quantity  of  it,  which  he  diftributed  at  Paris,  though  unac- 
quainted with  its  component  parts ;j:.  Its  compofition  wasr 
difcovered  at  the  fame  time,  about  the  year  1731,  by  twa 
French  chemills,  Boulduc  and  Geoffroi.  The  former  pub- 
liflied  his  obfervations  in  the  Memoirs  of  the  Academy  of 

*  Nam  invenire  praeclare,  enuntiare  magnifice,  interdum  etiam  barbari 
foleiit;  clifj)onere  apcc,  figurare  varie,  nifi  cruditis,  negatum  eft.  Plin. 
EpiJI.  III.  13. 

+  Profellor  Ginelin,  in  anfwer  to  the  qucfliotii  Who^firft  remarked  the 
•'.iiierciice  between  the  vegetable  and  mineral  alkalis,  replied  that,  at  any 
rate,  it  was  firft  properly  deiined  by  hi.  See  G.  E.  Slahlii  Funda^ 
r.ti-iitu  Chymia  dogmaiuie  tt  cxperimenlalis.  JSorimberga;.  1746.  3  vol. 
4ro.  111.  p.  268  and  304. 

;  Lemery  Vollkommenc  Chymift.  Drcfdcn  und  Leipzig,  1734.  2  ^'ol. 
fvo,  I.   p.  512. 
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Sciences*;  and  the  latter  communicated  his  to  Sir  Hans 
Sloanc,  who  caufed  them  to  be  printed  in  the  Philofophical 
TranfatStions  f.  I  fliaU  here  obferve  that  chulz;):  has 
aflerted  falfelv  that  Neumann  made  known  the  compofition  of 
Seignette's  fait  in  his  Treatife  on  Saltjietre;  for  Neumann's 
Jul  polychrrjl  is  efl'cntially  diflerent ;  and  he  himfelf  con- 
feires§  that  he  was  not  acquainted  with  the  Rochclle  fait. 
After  the  above  period,  the  nature  and  properties  of  the  mi- 
neral alkali  were  examined  with  more  accuracy  by  Grofl'e, 
Duhamel,  Brand  (a  Swede),    and  feveral  others  ||. 


XIV.  On  the  Proportions  of  Charcoal,  or  Oxyd  of  Carbon,  con- 
tained ui  certain  Kinds  of  JVood  and  in  Pit  -  Coal ',  and  on  a 
Carburet  of  Snlphur  ne-zidy  difcovcred.  By  M.  Pro  u ST  ^. 


G, 


'KEEN  oak  yields  of  charcoal  20  per  cent.;  wild  afli 
17  ;  willow  17  ;  white  afli  17;  pine  20;  heart  of  oak  19; 
bbck  afli  25  ;  guaiacum  24  per  cent.:  but  all  good  pit-coals 
afford  70,  7^^,  or  80  per  cent,  of  carbonaceous  matter ; 
and  there  are  fome  kinds  which  exhibit  no  figns  of  contain- 
ing hydrogen;  and  which  burn  without  either  flame  or 
fmoke. 

This  abundance  of  carbonaceous  matter  yielded  bv  pit^ 
coals  does  not  depend  on  their  containing  a  larger  proportion 
of  earth  ;  for  good  pit-coal  yields  as  fmall  a  proportion  of 
a(hes  as  dried  pine-wood.  The  pit-coal  of  AUuria  and 
Andalufia  yields  only  2  or  3  per  cent,  of  aflics  ;  that  of  Eftrc- 
nuulura  not  more  than  6  or  7  per  cent. 

Befides  the  known  products  obtained  from   the  diftillation. 

*  Mi:rKoirrs  els  r Actiilfm.  (ies  Scitr.cesy  A^inte  1731,  p.  124. 

t  No.  CCCCXXXVl.p.  3-. 

X  Cliemifchen  Verfucher,  Halle,  1745.  *'^'°-  P-  S"^' 

§   Neumnnn's  Cuymic  nach  Kellels  aofgahe.   I.  3.   p.   160. 

IJ  An  account  of  t'.ic  principal  writings  on  Seignette's  iHit  may  be  found 
\-^  ^VciiTcl  s  Cbymie,  Gx'vihwzlA,  i-jtj,  2  vol.  8vo.  II.  p  125.  See  alfo 
Grorgii  Ludcru.  Enckelmann  Dljf.  de  Sale  Alkali  cU  Seignttti,  rjup^ue  Naiura 
et  Ufii.  Argentorati,  1756.  410. 

|[   From  the  Tournal  as  Ph\Jique. 
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of  pit-coals,  I  have  rcafon  to^)elicve  that  they  contain  3 
fmal!  portion  of  fuccinic  acid.  The  cf)llc(5led  products  from 
30  lb.  of  pit-coal  afforded  me  about  one  dram  of  a  particular 
Jalt,  which,  by  its  i'mcll,  indicated  the  prelence  of  that 
acid. 

But  what  n7ore  particularly  arreftcd  mv  attention  in  the 
anal\ies  of  pit-coal  was  a  very  peculiar  combination  of  fome 
of  the  carbonaceous  matter  with  a  portion  of  fulphur,  and 
where  pyrites  was  not  prcfent.  A  coal  in  the  vicinity  of 
Almaden,  in  Eftremadura,  which  contains  no  pyrites,  yieldn 
very  white  aflies,  and  from  which  no  fulphur  can  be  ob- 
tained by  diftiliation,  exhibits,  however,  as  it  paifes  from 
irtcandefcence  to  incineration,  proofs  of  containing  fulphur, 
which,  becoming  oxvdatcd  alono-  with  the  coal,  makes  it 
fcnfible  to  the  fmell.  A  peculiar  carburet  of  fulphur  there- 
fore exids  in  this  coal;  but  combuftion  is  necclfary  to  its 
decompofition.  Expofed  to  the  greatell  heat,  this  coal  neither 
difcolours  filver,  nor  afi'efts  iron  in  the  foro^e. 

This  liufjular  phienomenon,  happily  perhaps  for  the 
arts,  is  one  of  the  cauies  which  fo  bencficiallv  retard  or  pro- 
long the  combuftion  of  pit-coal.  Phofphorus  combined 
with  charcoal  is  much  Icfs  combuftible  than  when  alone  : 
neither  the  contact:  of  atmofphcric  air,  nor  even  the  com- 
bined action  of  alkalis  and  water,  is  fufficient  to  fepa- 
ratc  phofphorus'  from  its  combination  \\\ih  earbon.  From 
the  difiicultv  with  whicli  the  carbonaceous  portion  of  ani- 
mal iubftances  is  burnt, ^  the  lame  inference  may  be  drawn 
refpcifting  fulphur  5  for  fulphur  is  known  to  exift  in  a  con- 
liderable  proportion  in  animal  fui)rtances.  \\'ool,  uncjuef- 
lionably,  contains  much  fulphur,  but  none  paffes  over  when 
that  matter  is  diftillcd.  Where  then  can  it  remain,  if  not  in 
union  with  the  carbonaceous  refiduum  ?  That  refiduuni 
iliould  be  examined  with  a  view  to  this  point.  One  thing  is 
certain,  that  foap  of  wool,  prepared  hi  a  fiber  velTel,  deeply 
iulphurates  its  interior  fuiface. 


XV.  7.^. 
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XV.  Leltcrfrovi  k.  M.  V.vsA lli-Eaxdi  /oJ.  B'Jvina, 
Profcjfor  of  Medicine  in  the  Univcrjily  of  Turin,  ojt  Animal 
EL-arici/j*. 

J  HE  clci^ric  plicenomeiiou  which  vo\i  ohferved  in  my 
eleftronicter,  phiccd  on  ihc  hack  of  a  ciiicaici-l  animal  at  the 
moment  of  its  hcing  attacked  hy  a  fit  of  fliivering,  appears 
to  nic  to  he  a  nccclFary  conlbtpiencc  of  the  general  theory 
of  electricity,  and  of  the  modifications  which  it  experiences 
in  the  anim:iJ  economy.  The  following  is  the  manner  in 
which,  I  thir.k,  I  have  proved  in  mv  letter  on  the  origin  ot 
animal  cle6lricitv,  that  man,  in  the  Hate  of  health,  lik-e  all 
other  animals,  has  parts  p<jfitively  eledric,  while  others  are 
negatively  fo. 

It  appears  that,  in  the  animal,  the  negative  part,  that  of 
the  excretions,  is  not  fo  ftrong  as  the  pontive  part,  that  of 
the  blood.  But  if  the  change  of  the  animal  economy  de- 
Itroys  the  natural  boundaries  of  eleiftricitv  in  the  body,  on 
account  of  the  tendency  of  the  latter  to  bring  ilfelf  into 
equilibrium,  it  ought  to  efcape  and  to  manileft  itlclf  exactly 
at  the  moments  when  the  l)f)undaries  are  deftroyed  t  ;  that 
is  to  fav,  when  the  virus  changes  the  internal  parts,  which 
is  proved  by  the  fits  of  Ihivering  :  fear  and  other  violent  paf- 
fions,  as  they  chanj^e  the  animal  economy,  ought  alio  to 
produce  the  fame  cfTcet.  Thus  you  have  feen  the  ftrings  of 
my  electrometer,  placed  on  the  back  of  the  animal,  feparate 
from  each  other,  either  during  the  fits  of  {l)ivering  occa- 
Coned  by  a  contagious  difeafe,  or  during  thofe  produced  by 
fear;  vou  fee  that  the  fame  theory  explains  alfo  the  want  of 
electricitv  which  vou  ohferved  in  difeafed  cats.  I  am  per- 
fviaded  that  this  want  will  in  no  cafe  cxift  till  the  diieafe  has 
continued  fcvcral  days,  and  the  animal  economy  has  become 
deranged.  When  I  concluded  my  cleArie  experiments  on 
water  and  ice  |,   1  repeated  them  on  feveral  liquids,  animals, 

*  From  the  jonnmi  de  Pbv//i]i(e,'P\\iV'.ok,   an.  8. 
f  Jouniul  cle  Pbvfique,  McfPidor,    an.  7. 

*  ^Icmmic  dclla  Socicta  Lalutnd^  Vol.  Ill, 
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and  vegetables,  as  well  as  on  ditferent  preparations  of  vvatef. 
Urine  and  animal  humours  exhibited  to  me  tiie  greateft 
degree  of  ele6lric  difference.  You  fee  then  that  my  opinion 
is  fapj^orted  by  facls.  As  I  have  found,  however,  that  the 
blood  of  thofe  labouring  under  an  intermittent  fever  is  ftilj 
poriti\cly  electric*,  it  mii^ht  be  ufeful  to  afcertain  in  what 
difeafes,  and  at  what  degree  of  thofe  difoafes,  it  lofes  its 
ele6lricity.  Might  not  the  eleftrometer  be  employed  to 
diftinguifh  defperate  difeafes,  and  be  ufed,  if  I  may  be  al- 
low^cd  the  expieifion,  as  a  vitalitometer  r  But  many  expe- 
riments are  dill  wanting  before  we  can  reach  that  point  of 
perfeftion  in  the  fcience  of  electricity.  The  difcovery  of 
eleitriciiv  in  the  torpedo  feems  aftoniihino-.  That  of  Co- 
tugno,  who  received  an  electric  fljock  from  a  moufe  which 
he  was  diircding;  and  that  of  Tonfo,  who  had  one  from  a 
cat;  and  my  eleclric  experiments  on  rats  feem  conclufive. 
But  the  inmienfity  of  n:iture  ftill  prcfents  matter  for  new 
refearches  ;  and  at  prefcnt,  fince  I  have  found  the  electricity 
of  the  blood  and  that  of  the  excretions  cf)ntrary,  I  fee  how 
nnich  remains' to  be  done  to  reduce  to  their  juft  value  the 
opinions  of  Galdini,  Bertholon,  Treflan,  and  Carlieu,  on  ani- 
nial  ckttricity.  You  have  purfued  the  belt  route,  which  is 
to  interrogate  nature  by  experiments.  Continue  to  do  io, 
aiid  yp)u  will  enjoy  the  fatisfaction  of  having  enlarged  tlie 
boundaries  of  fcience. 


X\T.    Of  C/jiinlcal  and   JSlineralogical  Nomenclature.     By 
Richard  Kirwax,  LL.D.  F.R.S.  and  P.RJ.A.f 

JL  JI  E  names  given  tp  the  different  lubftances  known  in 
common  life,  whether  occurring  in  nature  or  produced  by 
art,  are  coeval  with  languages  themfelves  ;  and  whether  all 
were  nierely  eon^entional,  or  fome  of  them  grounded  on  fome 
relation  to  the  thing  Hgnified,  is  now  of  little  importance  tq 
inquire,  as  from  long  habit  both  are  equally  inmiediately  re- 
ferred to  the  thing  fignified,   without  any  reflection  on  the 

"*  J(ji-')ia'  de   i  b  /rqir,  Germinal,  an.  7. 

■J  Vifjm^tht  iranjut'uons  tj ibt  R.jal  hijl  AcaeL/i!)-  fur  iSoo. 
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original  rcafon  of  their  ininofition.  Thus,  though  the  name 
barometer  was  originally  inipofed  on  the  inftnunent  fo  called, 
becaufe  the  terms  that  eompofe  this  nclnie,  haros --ixx^  melron^ 
denote  its  ul'e  in  niealuring  the  weight  of  the  atmofpherc ; 
yet  the  name  is  jud  as  well  underliood  by  thofe  who  are  to- 
tally unacquainted  with  its  etymology,  as  by  thofe  to  whoni 
this  is  pcrfcOtlv  known.  The  inftrnnient  itfelf,  and  not  its 
u'e,  is  denoted  by  the  name,  and  equally  occurs  to  both ; 
the  workman  who  knows  not  its  ufe,  knows  what  the  name 
immediately  (ignities  as  well  as  the  philofopher  who  employs 
it,  and  as  well  as  the  German  who  calls  it  a  fchiuermeJJ'cr^ 
\\  hofe  primitive  components  alfo  exprcfs  its  ufe;  nor  is  it 
better  underftood  by  either  than  the  u'A.xwq.  fcreiu  or  fchraubr, 
\\  hich  cannot  be  refolved  into  any  primitive  component  term.-. 
Who,  on  hearing  the  Latin  name  of  a  book,  ever  thinks  of 
its  primitive  ligiiilication — the  bark  of  a  tree?  Language* 
nuirt  have  been  invented  long  before  cither  chemiilry  or  mi- 
neralooy  were  in  any  degree  cii!ii\'ated.  In  both  the  analytic 
and  fynthetic  branches  of  chemiftry  as  well  as  mineralogy, 
many  fubftances  muft  have  occurred,  to  whicii.  in  common 
language,  no  name  was  a})plied,  yet  the  neceiTiry  of  denoting 
them  by  fome  name  was  urgent.  Here,  then,  a  diiijculty 
occurred,  which  fome  fought  to  furmuunt  by  a  name  arhi- 
trarih  impofed,  others  by  names  derived  froiii  fome  real  or 
f:uiciful  relation  of  the  given  lubftance  to  fome  uie,  object, 
perfon,  or  particular  qua'iiy  or  circumitance.  Thus,  in  che- 
miftry, ah'obol  appears  to  be  a  name  arbitrarily  impofed  on 
highly  reetilJcd  fpirit  of  wine  or  very  fublile  powder  .  Mer^ 
curms  "j'ltt^  denotes  an  antimonial  preparation  of  great  effi- 
cacy, as  hermcs  mineral  does  one  that  refemhies  that  lub- 
ftance in  colour;  Glauber  s  fait,  a  particular  fubltance  firft 
formed  by  Glauber;  l.pfovi^  a  fait  firfl  difcovered  in  the 
fprings  near  that  towui,  &c.  So  in  mineralogy,  quartz 
leems  to  be  a  name  arbitrarily  impofed;  and  J'p.:ib,  a  name 
oritrinaiino-  from  the  refemblance  of  the  intecrrant  lamellae  to 
a  blade;  -And Jelenite,  from  fome  ficlitious  refemblance  to  the 
moon.  The  etymology  of  thefe  names  was,  however,  foon 
|orgoltcn  or  not  attended  to,  and  confequently,  fuch  ol  them 

•  Some  derive  it  from  the  Arabic  iubu/a  tx.>ruit. 
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as  confided  of  only  one  word,  not  evidently  denoting  fomc 
falfe  relation,  niight  without  inconvenience  be  adniiitedj 
but  in  procefs  ol"  ti)nc  defcriptions  were  admitted  inftead  of 
iiauics,  and  thefe  often  falfc  or  ahfiird,  as  J'al  mirabile,  feci 
Jtcrelum,  arcanum  duplication,  arcanum  corall'inuvi,  8cc. 
The  inconvenience  and  evident  impropriety  of  many  of  thefe 
defignations  at  laft  attracted  the  attention  of  thofe  eminent 
philofopliic  chcmifts,  Bergman  and  Morveau.  Morveau,  fo 
early  as  the  year  1782,  publidied  an  excellent  memoir  on  this 
fubjeCl  in  Rozier's  journal,  and  his  fenliments  met  with  the 
entire  approbation  of  Bergman.  The  new  denominations  he 
fought  to  introduce,  loon  however  gave  way  to  the  more 
cxquihtely  devifed  fyllematic  appellations  grounded  on  the 
diicoveries  of  Lavoificr,  and  the  total  elimination  of  the  phlo- 
gVftic  element  formcn-ly  admitted.  Thefe,  in  the  formation 
of  which  Morveau  alio,  in  concurrence  with  a  few  of  the 
mod  eminent  Parifian  chemids,  bore  a  confiderable  part, 
were  fincc  admitted  and  recognifed  by  mod  European  che- 
mids,  and  particularly  in  England.  The  exceptions  that  ap- 
peared to  me  reafonable  to  the  general  rules  laid  down  by 
this  highly  refpec^able  aflbciation,  or  to  fome  of  the  terms 
they  introduced,  I  thought  of  too  little  confequence  to  men- 
tion, knowing;  that  the-few  anticnt  denominations  I  retained, 
and  the  itill  fewer  new  ones  I  introduced,  were  perfectly  in- 
telliiiible  ;  nor  diould  I  attempt  at  prefent  to  vindicate  them, 
had  I  not  perceived  they  attra6led  the  cenfure  of  many  on 
whofe  edeem  I  fet  the  highed  value.  Thus  circumdanced, 
1  feel  mvfelf  judilied  in  examining  the  general  propriety  of 
thofe  rules  and  atTumed  principles  from  which  I  thought 
proper  to  deviate,  and  of  the  denominations  which  I  rejett. 

'I'he  drd  principle  laid  down  by  M.  Morveau  is,  "  that 
phrafcs  arc  not  a  name;  that  fubdanccs  and  chemical  pro- 
duiiis  dir)uld  be  denoted  bv  names  fit  to  indicate  them  on 
every  occafion,  without  having  recourfc  to  circumdances : 
p.  7^"^^.     To  this  principle  I  give  my  entire  advent. 

Anollvjr  rule  laid  down  by  M.  Morveau  is,  "  that  in 
cliooiint'-  lUiiominatioi-.s  we  diould  pred^r  thofe  which  have 
their  roois  in  the  dead  languages  uiore  generally  known,  in 
order  that   the  fcnfe  fliould  fugged  the  name,  and  the  name 
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llic  fcnfc."  It  is  for  this  rcafon,  combined  with  the  firft, 
that  I  prefer  {inn;lc  naiDcs,  ah-eady  iinderilood,  and  well 
known  by  all  thole  that  have  attained  any  knowledge  of 
elieniiftrv,  to  new  names  derived  from  the  Greek  or  new 
unknown  barbarous  Latin  names.  Hence  I  prefer  the  term 
hcpar,  denoting  in  all  chemical  authors  a  combination  of 
fuljilmr  to  every  bafis  except  a  metallic,  to  the  barbarous 
unknown  Latin  term  f/ilphu rat ;  and,  with  refpeft  to  metals, 
I  prefer  the  well  known  terras  pjrites  and  galena,  to  the 
ncwly-devifed  fulphnret  of  iron,  ox  copper,  or  lead;  the  former 
has  the  advantage  of  denoting  the  particular  fpecific  combi- 
nations of  fulphurwith  iron,  copper,  arfcnic,'or  cobalt,  and 
of  excluding  not  only  other  fulphurated  metals  that  do  not 
give  fire  with  fteel,  as  the  vitreous  filver  ore,  fulphurated  anti- 
mony, or  lead,  cinnabar,  blende,  fulphurated  bifmuth,  &:c.; 
but  alfo  fuch  coir.pounds  even  of  copper  and  fulphur  as  do  not 
give  fire  with  fteel,  as  the  vitreous  copper  ore  and  the  gray 
copper  ore,  and  the  purple.  On  thefc,  and  many  other  confi- 
derations  which  will  prefently  be  mentioned,  I  hope  the  Inge- 
nious Mr.  Mufliet  will  recall  his  wlfli  that  I  had  modelled  my 
Nomenclature  on  the  principles  of  the  French  fchool.  Phil. 
Mac;-.  IF.  p.  156.  C.-Faujas,  though  of  that  fchool,  remarks 
tiuit  thefc  ufual  names  (when  otherwilefaultlefs)  cannot,  with- 
out great  inconvenience  ^,  be  changed  for  others  either  eru- 
dite or  barbarous.  Journal  des  Mines,  XXXV.  p.  894.  Nor  is 
his  opinion  in  the  leaft  invalidated  by  the  note  of  C.  Coquc- 

*  This  puts  me  in  mind  of  Tome  Latin  jnirifts  who  change  knou  n 
modern  names  into  what  they  cfteem  purer  Latin  ones.  Thu-s,  inftead 
of  cmrcr'Haiinl,  thty  f.iy  pntfe^ui  juris \  and  for  which  Lipfius  Not.  r.d, 
F^ib.  I.  Politicorum  cap.  9.  juftly  ccnfures  the  hiftorian  Pauius  jEmilius. 
*'  Vetoftatis  etiam  nefcio  quid  affcftat  in  nominibus  hominum,  loconjm, 
uibium  immi.:tandis  ct  in  veterem  formam  rodigendis,  fsepe  erudite,  in- 
teiduni  vane,  fed,  ut  ego  judico,  fcmper  indecore,  quorfum  chart'ur'ni; ., 
Gallorun)  canceilarios,  qiiMhigflrius  mihi  fit  ?  et  ille  ipfe  canccllarius  ap- 
pellatur  frc-fatlus  jur'u  ?  et  ubiqiic  Rex  Tarraconeiijis,  qui  nobis  et  ma- 
joribus  fuic  Arragoniae  ?  talia  inhnita  funt  audatler  et  ambiiioj't  innovata  et 
cum  fraude  paritcr  ac  auce  leftoris."  The  Greek  and  Roman  hiftotians 
\vere  frequently  guilty  of  the  fame  fault,  which  occjficns  at  this  day  much 
perplexity, 
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bcrt,  \\  ho  afll-rts  that  the  new  are  n)orc  exacV.,  ionorous, 
and  figniiicalive  J  for  anv  term  is  exav.'!  and  fignificatlve 
when  it  denotes,  without  obfcurity  or  ambiguity,  the  thing 
lignified  ;  and  as  io  found,  it  may  deferve  alien tion  in  poetry, 
hut  (urelv,  if  not  excecdinolv  uncouth,  it  deforvcs  none  in 
kiencc.  lie  acknowlt'dges  that  thefe  alter,'.\tion5  may  caufe 
fome  embarralimcnt  to  the  prefent  race  of  men,  but  thinks 
that  fuccceding  generations  will  blcfs  thof.-  that  introduced 
them.  I  think  on  the  contrary  that  they  will  curfc  iheni,  for 
obliging  them  to  learn  both  the  new  and  the  old  denomina- 
tions under  the  penalty  of  not  underftandingStahl,  Ilenckel, 
IVlaigraf,  Lemcry,  Geoffrov,  Duhamel,  Macquer,  Bergman, 
Scheele  and  many  others  of  the  higheft  merit.  Can  any  one 
be  fo  arrogant  as  to  pretend  that  thefe  immortal  authors  can 
become  unintelligible  without  prejudice  to  the  feicnce?  Is 
it  poflible  that  nuificians  ihould  judge  more  fln-ewdly  than 
ihofe  uhoprofefs  to  be  philofophers  ?  Yet  thefe  hayerejefted 
all  the  modern  alterations  of  notation  tliathave  been  propofed 
to  them,  thou2;h  attended  with  fome  advantages,  from  the 
fingle  coniideration  that,  if  new  modes  were  adopted,  the  in- 
imitable compofitionsof  the  lad  and  prefent  age  would  either 
foon  become  unintelligible,  or  the  arduous  tafk  of  learning 
both  methods  of  notation  would  be  impofed  on  all  fucceeding 
generations.  I  am  not  liowever  for  the  total  excluiion  of  the 
term  fulphurct ;  let  it  be  employed  to  denote  the  com.pofition 
of  fulphur  with  any  bafis  in  general,  \yhether  alkaline, 
earthy,  metallic,  oleaginous,  fpirituous  or  carbonaceous  ;  in 
this  m-ilt  extenfiye  fenfe  the  old  nomenclature  fupplied  no 
term,  and  yet  fome. name  was  wanting;  in  this  fenfe  there- 
fore it  may  be  retained. 

Another  general  maxim  advanced  by  ]M.  IMorveau  is,  tliat 
*'  the  denomination  of  a  chemical  compound  is  neither  clear 
nor  exaft  except  it  cxj^reires  by  names  conformable  to  their 
nature  the  ingredients  that  enter  into  that  compound."  This 
maNim,  unhappily  too  cafily  adopted  by  the  French  fchool, 
ten  is  to  the  fubveriion  of  the  received  language  of  all  icicnces, 
aj.d  even  of  conmion  life.  By  this  rule  we  arc  to  banitit 
the  name  liii/dT,  and  inllead  ul  it  fubftitute  its   component 
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ingredients  hydrogenated  oxygen  or  oxygenated  hydrogen*  j 
and  inftead  of  ice  we  are  to  lay  decaloricated  hjdrogenated 
oxj'gen,  and  iorjleam,  caloricated  bjdrogenated  oxygen.  In- 
ftead of  common  foap  we  are  to  fay  olcaginated  Joda,  and  for 
glnfsf  Jilicitcd  alkali,  Sec. 

The  French  chemifts  it  is  true  retain  the  n^me  foap,  but 
in  contradiction  with  their  own  principles ;  for  they  furely 
cannot  in  this  word  difcovcr  the  radicals  of  its  compofition. 
Nay,  Lavoifier  retains  the  old  word  nitre  and  fait  petre  con- 
jointly with  that  of  7nirai  of  poiajh,  (fee  his  Treatife  of  Che- 
niidry,  vol.  I.  p.  79  and  232,  French)  and  yet  they  difap- 
prove  of  my  retaining  a  few  of  the  antient  denominationff 
that  were  as  well  known  to  all  chemifts  as  the  names  yoa/)  or 
gl'Js  in  the  language  of  common  life,  fuch  as  Glauber,  Ep- 
fom,  and  Sylvian  (rejecling  only  the  term  fait  ufually  tacked 
to  them;  but  evidently  fuperfluous)  ;  alfo  felenite,  gypfum, 
borax  and  alum — thefe  I  retain  for  two  reafons;  firft,  becaufe, 
they  exprcfs  their  refpc(l:\ive  objccls  by  a  Jingle  name,  which 
appears  to  me  a  conliderable  advantage,  and  fecondly,  be- 
caufe thofe  names  continually  occur  in  all  treatifes  of  che- 
miftry  publiihed  before  -the  year  1790,  and  in  many  fince, 
and  confequenlly  muft  be  known  by  all  who  wifh  to  under- 
iland  them. 

Morveau  and  the  French  fchool  in  general  rejeft  the  names 
of  inventors,  "  as  having  no  conformity  either  generic  or  in- 
dividual with  things  :"  and  for  the  fame  reafon  they  fhould 
rejetl  the  names  Alexandria  and  Conjlantinople  derived  from 
the  founders  ;  and  in  general,  by  the  fame  rule,  all  names 
of  places  fliould  be  changed  for  fuch  as  would  exprefs  their 
lituation.  Is  it  not  therefore  evident,  when  the  fignifi- 
cation  of  names  is  already  fixed  and  generally  known,  that 
they  (hould  be  retaintdf,  the  inconvenience  of  rejecting 
ihem  being  far  fuperior  to  any  advantages  propofed  by  the 
change  ?  Yet,  ftrange  to  tell,  they  object  to  a  few  new  names 
which  I  introduced  in  mineralogy,  though  exactly  founded  on 
their  own  prmciples,  and  not  attended  with  any  inconve- 

"  Fourcroy  exprefsiy  fays  water  may  be  called  cxy^  of  kyd\o^en.    See  St. 
John's  Method  of  Nom'.T.clatare,  p.  64. 
t  '9  l^oz.  p.  374. 

Vol.  VIII.  A  a  nience. 
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Dience,  as  they  denote  objefts  not  known  by  any  denomi- 
nation prcvioufly  affirmed  to  them,  and  even  poiVefling  pe- 
culiar properties  of  groat  importance.  Thus  they  difapprovc* 
of  the  nanie  muricalcife,  a  name  which  I  thought  proper  to 
beflow  on  fuch  limcltoncs  as  contain  a  notable  proportion 
ofmagnefia;  and  baryto-calcvie  on  fuch  as  contain  a  notable 
"proportion  of  barytes;  thefe  fttjnes  having  been  diftinguirticd' 
by -no  name,  and  thefe  new  names  being  in  conformity  with 
the  principles  of  the  French  fchool  derived  from  and  grounded 
on  their  component  ingredients. 

Mr.  Tennaut  has  fmce  fliown,  in  an  important  paper  in 
the  Philofophical  Tranfi6tions  for  1799,  the  evident  neceffiiy 
of  diftinguifliing  thefe  jnuricalches  from  common  Hmertones, 
with  which  they  have  always  been  confounded ;  and,  from 
the  deleterious  properties  which  barytic  lime  water  poffefiTcs, 
it  is  evident  that  the  limedones  that  contain  any  proportion 
of  barytic  earth  cannot  without  danger  (iomctimes  to  human 
hfe)  be  confounded  \vlth  conmion  limeftones.  The  ftone 
which  the  Germans  without  any  inconvenience  called  apatite, 
approaching  in  our  language  too  nearly  the  word  appetite,  I 
have  called  phoJ''phrjrite  to  mark  its  compofition ;  but  as  the 
phofphoric  acid  has  alfo  been  detefted,  or  at  lead  fufpefted, 
in  conipofition  with  argil,  to  dlftiniruifli  this  compound  fron> 
the  former  I  call  li  phojpholite,  a  name  better  fulled  to  it 
Xhdin  \hd>.\.  o{  Valentia  gar?ict,  by  which  it  Avas  formerly  de- 
noted— a  change  attended  with  no  inconvenience,  as  the 
ftone  itfelf  was  known  in  no  part  of  flurope  but  Spain.  To 
thefe  denominations  they  object  their  monotonous  termina- 
tions ;  but  thefe  terminations  are  belt  fulted  to  our  language  ; 
they  do  not  recolleihl  that  the  terminations  in  «/,  as  nitrats, 
fulphats,  7nurials,  carbonats,  phofphats,  oxalafs,  &c.  &c. 
arc  equally  monotonous  in  theirs.  They  think,  or  rather 
magiderlally  decide,  that  minerals  (liould  be  denoted  by 
the  fame  name  as  fimilar  chemical  compounds ;  a  rule  that 
might  be  admitted  If  fuch  minerals  were  not  previouflv  gene  - 
rally  known  by  other  fingle  appellations,  and  if  their  com- 
pofition was  perfeclly  fimilar  to  analogous  chemical  com- 
pounds.    But  in   the   firrt  place  feveral  minerals  are  already 

*  Ana.  Chym.  XS-Xni.  p.  103. 
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gftierally  known  by  peculiar  proper  denoYninntions ;  for 
in  (lance,  cinnabar,  furely  a  more  convenient  name  than 
the  drawling  l^e\v  nfime  fulphitrated  red  o.iyJ  of  mercury: 
aiul  in  the  next  plice  they  fhould  confider  that  chemi- 
cal com])ounds  being;  artificial  productions  may  contain 
only  thofe  ingredients  which  their  compound  names  im- 
port. J?ut  minerals  whofi  principal  compofition  is  ana- 
logous, often  contain  other  fubi'tances  alfo,  which  the  new 
chemical  name  would  not  exprefs,  and  would  thus  lead 
to  important  miftakes.  Thus,  for  inltance,  phofphorhc  is 
commonly  contaminated  with  filex,  aerated  lime,  muriated 
lime  and  iron,  and  fometimes  with  manganefe  and  fluorj 
whereas  the  analogous  chemical  compound  ot)  which  the 
name  phofphorated  lime  is  properly  impofed,  is  free  from 
fuch  contaminations.  Subdances,  therefore,  fo  difterent, 
Ihould  certain! V  be  diftinguiflied  by  different  names,  or  at 
leaft  the  word  natural  or  native  xnn^  be  tacked  to  the  name 
of  the  chemical  compound  ;  and  though,  with  refpe^l  to  fof- 
lile  metallic  chemical  compounds,  this  inconvenience  may 
often  be  avoided  by  the  addition  of  the  word  ore,  yet  here 
alfo  the  antient  name  often  expreffes  fome  other  inherent 
property ;  thus  the  term  vitreous  added  to  filver  ore  denotes 
not  only  the  compofition,  but  alfo  the  eafy  fufibllity  of  that 
partici,dar  ore. 

[To  be  continued.] 


NEW    PUBLICATION. 

Neiv  Obfervations  concerning  the  Colours  of  thin  tranfparent 
Bodies,  Jhoiving  thofe  Phisnomena  to  be  InJle6iio7is  of 
Light,  &c.     Cadell  and  Davles,   Strand,  1800. 

X  HESE  Obfer\'ations  are  by  the  author  of  two  treatifes 
on  the  Origin  of  the  Diverfity  of  Colours  in  the  Rays  of 
Light,  and  on  the  many-coloured  Coro7iig  occafionally  ap- 
pearing round  the  Sun  and  Moon ;  of  which  the  leading 
principles  have  been  ftatcd  in  former  Numbers  of  the  Philo- 
fophical  Magazine. 

A  a  3  Th« 
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The  object  of  the  prefent  treatife  Is  to  explain,  in  a  man- 
ner confiftcnt  with  the  leading  principle  formerly  advanced 
by  the  aiilhorf  another  important  clafs  qf  the  pha?nomena  of 
light  and  colours. 

Sir  Ifaac  Newton  has  reprefented  the  fmalleft  parts  of  all 
fnatural  bodies  as  tranfparent.  He  fuppofes  thofe  parts  to  be 
placed  in  a  mediiun,  inferior  in  refra£live  power  to  them- 
felves.  Thofe  bodies  are  in  his  eftiniation  trarvfparent,  which 
confift  uniformly  of  the  fmalleft  parts  and  the  fmalleft  inter- 
mediate fpaces :  thofe  are  black,  which  have  their  integrant 
parts  and  the  intervening  fpaces  of  a  fize  fomewhat  greater : 
fuch  as  are  varioufly  coloured  confift  of  parts  larger  than 
.  thofe  of  either  tranfparent  or  black  bodies.  The  rays  of 
light  are,  in  his  judgment,  di/pofed,  by  a  natural  indeftruc- 
tible  quality,  to  be  alternately  tranfmitted  throutjh.oppofing 
media,  and  reflefted  from  them.  By  this  quality,  the  tranf- 
miflions  of  light,  its  refractions  and  its  refle«Stions,  appeared 
to  him  to  be  in  all  cafes  regulated. 

The  author  of  this  treatife,  on  the  contrary,  denies  that 
the  minuteft  integrant  particles  of  bodies  are  known  to  be 
tranfparent;  that  there  exift  within  bodies  any  fuch  refrac- 
tive media  furrounding  their  parts  as  Newton  has  imagined  ; 
that  refraction  and  reflection  depend  in  any  meafure  on  the 
arrangement  and  conformation  of  the  parts  of  bodies,  which 
Newton  fuppofes;  or  that  light  is,  by  a  myfterious  natural 
quality,  difpofed,  by  turns^  to  eafy  tranimiflion  and  to  eafy 
reflection. 

He  maintains,  that  all  the  phaenomena  which  Newton  has 
thus  erroneoufly  explained,  are  only  fo  many  different  cafes 
of  the  inflection  of  the  particles  of  light  by  the  attractions  of 
bodies  approaching  them.  According  to  him,  as  it  fhould 
feem,  light  is  never,  in  any  circumftances,  made  to  exhibit 
a  divcrfity  of  colours  in  its  rays,  otherwife  than  by  the  pomts 
or  edges  of  approaching  bodies  exerting  on  it  an  attractive 
force  fufficient  to  deftroy  the  natural  confiftency  of  the  whole, 
or  at  Icaft  a  part,  of  the  white  ray.  RefraCtion  and  reflection 
depend  upon  nx)  peculiar  qualities  in  light,  but  (imply  on  the 
attraction  exercifed  upon  it,  according  to  the  general  laws,  by 
the  other  bodies  with  which,  in  various  circumftances,  it 

comes 
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comes  in  contaA.  He  has  made  fcveral  ingenious  experi- 
ments, which  are  in  this  treatlfe  related  in  detail,  and  of 
which  the  common  refult  feems  forcibly  to  fuggelt  the  con- 
clufion  which  he  thinks  that  he  has  e(tabliflicd.  Much  of 
the  treatife  is  eniployed  in  pointing  out  the  errors  as  to  fa6t, 
and  the  fallacies  of  indu^Vion,  which  appear  in  the  explana- 
tions by  Sir  liaac  Newton,  concerning  this  part  of  the  fcience 
of  oj-'tics. 

To  fay  the  truth,  we  find  the  fa6ls  and  reafonings  in  this 
eflTay  fomvwhat  le's  fatisfaclory  than  thofe  in  its  author's  two 
former  elTays.  It  is  probably  the  true  principle  which  he 
has  difcovered  :  but  he  does  not,  in  this  inftance,  fee  it 
clearly  ;  he  onlv  gropes  at  it,  as  it  were,  in  the  dark.  Per- 
haps, however,  not  the  author,  but  the  dullnefs  or  impatience 
of  the  reviewer,  may  here  be  chiefly  in  blame. 
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N  Thurfday,  Nov.  6,  this  learned  and  ufeful  body  held 
their  firft  fitlinar  fince  the  Ions;  vacation,  when  the  commence- 
ment  of  Dr.  Herfchel's  Second  Part  of  his  Inquiry  refpefting 
Heat  and  Light  was  read. 

On  the  13th  the  Society  occupied  itfelf  in  reading  the  con- 
clufion  of  Dr.  Herfchel's  paper,  which  contains  a  detail  of  a 
number  of  mod  interefting  experiments  relative  to  the  dif- 
ferent quantities  of  heat  and  light  tranfmitted  through  various 
fubftances  and  through  different  coloured  glafies.  From 
Dr.  Herfchel's  experiments  it  appears  that  red  glafs  allows 
moft  heat  and  leaft  light  to  pafs  through.     One  experiment 

is 
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js  detailed,  whlch^  though  he  fays  it  was  coarfelv  condii^ied, 
leads  him  to  concUide  that  the  focus  of  heat  falls  at  l))e  di- 
flance  of  half  an  iiich  from  that  of  light.  One  hundred  and 
feventy  experiments  are  recorded,  from  whence  he  concludes, 
that,  as  the  laws  of  the  morion  of  light  and  heat  are  elTen- 
tially  ditlercnt,  there  is  the  greatell  reafon  to  conclude  that 
ihey  are  not  the  fame  fiuid. 

The  Cioonian  lecture,  on  the  irrita!)iiitv  of  the  nerves,  by 
Everard  Home,  v.as  hcgun  reading  the  liime  evenino",  and 
concluded  at  the  following  meetiuir  on  the  2Cth.  In  this 
paper  Mr.  Home  denies  the  hypoihctis  of  a  pecL:iiar  nervous 
fluid, 

SOCIETY    OF    ANTIQUARIES. 

Thurfdav,  Nov.  6,  the  Society  met  for  the  firft  time  fince 
the  fummer  vacation ;  on  which  evening,  and  on  the  13th 
and  20th,  feveral  very  curious  fragments  ot  the  paintintrs  from 
the  walls  of  St.  Stephen's  chapel,  reprefenting  various  hih- 
jefts  from  the  books  of  Job  and  Tobit,  were  exhibited  ;  and 
a  very  curious  memoir  on  the  fubje(i:l,  by  their  learned  Se- 
cretary, was  read.  The  Prefident  addreffed  the  Society,  and 
informed  them  that  tlie  Society  had  apj)ointed  a  comuiittce 
for  the  purpofe  of  fuperintendinfr  the  execution  of  drawings 
which  were  making;  of  all  the  curious  remains  that  have  been 
difcovered  durina;  the  alterations  that  were  carrying  on  at 
St.  Stepiien's  chapel,  and  which  of  late  had  excited  fuch 
general  curiofitv  among  all  clalTes  of  people. 

SOCIETY   OF  X  A  T  L'  R  A  L  HISTORY  AT   P  .\  P.  I  S  . 

C  Haiiv  latelv  read  before  the  Society  a  note  on  the  cr^f- 
tallifitions  ofirou  ore.  'i'he  intended  publication  of  a  treatife 
(4t  mineralogy  bv  this  author  having  induced  him  to  revife, 
with  great  care,  what  he  had  written  on  cryftallifation,  he 
found  that  he  had  rectified  only  in  part  the  incorreoincfs  into 
tl-hich  he  had  fallen  in  regard  to  the  crvftalline  forms  of  iron 
Ore. 

He  had  already  announced,  in  an  extract:  from  his  treatife, 
that  the  cryftals  of  volcanic  iron  were  not  fegmcnts  of  the 
reguiar  octaedron,  as  believed,  and  that  the  diflicrence  be- 
tween their  angles  and  ihofe  of  thefe  fegments  was  more  than 

12  de- 


Society  of  Ntilural  H'lftor^  at  Paris.  1^3 

12  ilcsrecs.  He  has  fince  found  that  they  have  for  their  pri- 
mitive form  a  rhomboid  fomc.vhat  acutc^  in  which  the  angle 
t)f  the  fummit  is  about  87  degrees. 

Buthethousrhtalfo,  with  ail  oii-iernaturali fts,  that  the  cryftals 
of  the  iron  of  the  ifland  of  Elba  were  derived  from  the  cubic 
form  ;  and  he  had  referred  to  that  form  that  of  the  cryftals  of 
Framont  in  dodecacdra  compofed  of  two  right  pyramids  in- 
complete, fie  had  always  been  ftruck,  however,  with  a  kind 
of  fingularity  prefented  here  by  the  cubic  form  which  per- 
formed the  funelion  of  the  rhomboid ;  that  is  to  fay,  that  it 
was  necclfary  to  fiippofe  an  axis  palling  through  the  tv/o  op- 
polite  folid  angles,  which  were  to  be  confidercd  as  the  luni- 
niit?,  and  the  laws  of  the  decrement  which  took  place  around 
the  fummits  were  did'ercnt  from  thofe  which  related  to  the 
lateral  angles. 

He  was  ftill  more  furprrftd,  when,  having  lately  tried  tn 
apply  theory  to  a  varretv  of  the  iron  of  framont,  which  he 
had  not  before  examined,  he  obfervcd  that  it  was  neceffary 
to  fuppofe  it  to  refult  from  a  decrement  by  twenty  rows  oa 
the  inferior  angles  of  the  primitive  cube,  in  order  to  have  re- 
lults  correfponding  with  obfervation. 

This  law,  though  perfectly  admifiible,  deviated  fo  much 
from  the  ufnal  laws,  that  it  infj^.irtd  the  author  with  fufpicions 
rcTpecting  the  cubic  form  itfelf,  and,  by  the  helpof  goniome- 
try,  he  meidured,  for  the  firtt  time,  on  the  cryftals  of  the 
ifland  of  Elba,  the  mutual  incidence  of  the  primitive  faces; 
whereas  he  had  before  confined  himfelf  to  meafu'.ing  that 
of  thtj  faces  produced  by  the  decrements,  either  among 
themfclves  or  on  tlie  primitive  faces,  having  no  idea  that 
there  could  be  anv  uncertainty  in  regard  to  a  form  which 
prelented  in  fo  fenlible  a  manrjcr  the  appearance  of  a  cube ; 
and  the  m.ore  fo  as  the  facets  bv  which  it  w-as  modified  pre- 
vented the  dirlereuce  from  being  obferved.  He  perceived 
that  this  form  was  a  real  rhomboid  (imilar  to  that  of  volcanic 
iron ;  and  in  that  cafe,  this  law,  which  had  appeared  fa 
fingular  on  the  hvpothefis  of  a  cube,  gave  place  to  a  fimple 
law,  and  every  thing,  as  we  may  fay,  was  reduced  into 
proper  order. 

In  regard  to  the  varieties  of  tlie  iron  of  the  ifland  of  Elba, 

he 
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he  found  no  change  to  be  made  in  the  old  laws ;  becaufe  the 
fecondary  incidences  which  he  had  determined  in  the  fup- 
pofition  of  a  cube,  differed  only  half  a  degree  from  thofe 
refulting  from  the  rhomboid^il  form.  This,  fays  the  author, 
is  one  of  thofe  cafes  where  a  quantity  very  fenfible  of  itfelf 
is  diniiniflied  by  pafling  into  certain  refults  which  depend 
on  it. 

It  arifes  from  thefe  refearches,  that  all  the  iron  ores  which 
retain  a  metallic  appearance  may  be  reduced  to  two  kinds, 
very  diftin<St  from  each  other  ;  one  of  which  contains  fub- 
ftances  that  cryllallife  in  regular  odlaedra,  fuch  as  the  iron 
ofCorfica;  and  the  other,  thofe  having  for  their  primitive 
form  a  rhomboid  fomewhat  acute,  as  the  iron  of  the  id  and 
of  Elba,  that  of  Framont,  and  that  of  volcanoes.  The 
firft  will  continue  to  be  diftinguiflied  by  the  name  of  oxi~ 
dulated  iron,  and  the  fecond  will  be  called  oligiji  iron  j  that 
is  to  fav,  little  abundant  in  iron  in  the  metallic  ftate.  It  is 
here  fecn,  that  a  greater  quantity  of  oxygen  imprints  on  the 
primitive  form  a  character  entirely  peculiar,  by  making  the 
regular  oftaedron  pafs  to  the  rhomboid ;  and  this  feems  to 
indicate  two  very  diftin6l  points  of  equilibrium,  which 
chemillrv  no  doubt  will  determine  when  it  has  carried  the 
analyfis  of  Iron  ore  to  a  desfree  of  correftnefs,  fuited  to  that 
perfection  v.hich  this  fcieuce  has  already  attained. 

PHILOMATIC    SOCIETY. 

C.  De  SaulTure.  the  fon,  read  lately  before  this  Society  a 
meoioir  on  the  influence  which  the  foil  has  on  certain  con- 
ftituent  parts  of  vegetables.  It  was  formerly  believed  that 
the  foil  had  no  Influence  on  vegetables,  but  in  proportion 
to  the  faculty  it  poflTefied  of  retaining  a  greater  or  lefs  quan- 
tity of  moifture ;  and  it  was  to  this  caufe  alone  that  the 
difference  between  the  abundance  and  fize  of  vegetables 
growing  in  calcareous  foil,  and  the  fame  qualities  in  thofe 
found  in  granitic  foil,  was  afcribed.  But  Sauffure  having 
remarked  that  the  animals  which  live  in  the  calcareous 
lands,  that  produce  thefe  vegetables,  were  larger,  fatter,  and. 
gave  a  greater  quantity  of  milk,  richer  in  butyraceous  and 
cafeous  parts,  than  thofe  in  granitic  dillricts,  conceived  aa 
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Idea,  that  there  muft  exift  between  thefe  vegetables  a  dif- 
ftrence  ftill  more  important,  and  which  ought  to  depend 
more  on  the  nature  of  the  foil.  Sauffure  therefore  has 
made  a  feries  of  experiments,  with  a  view  to  afcertain  the 
difl'erence  which  the  riature  of  different  foils  produces  in  the 
cbmpofition  of  the  vegetables  which  grow  in  them.  That 
thefe  experiments  might  be  conclufive,  it  .was  necelTary  to 
ihake  them  very  much  comparative,  that  is  to  fay,  to  take 
the  fame  quantity  of  the  fame  vegetables,  of  the  fame  age, 
gi"0wing  under  fimilar  circumftance*  or  in  the  fame  expo- 
fure,  at  a  diflarice  froiii  the  courfe  of  flreams,  and  beyond 
the  reAch  of  cattle. 

It  was  neceflary  alfo  lo  repeat  the  fame  experiments  a 
great  number  of  times  in  order  to  obtain  mean  refultS,  and 
to  approach  the  truth  by  multiplying  probabilities.  This 
C.  de  SaulTure  did.  He  began  by  analyfing  the  (tone  that 
compofed  the  mountains  the  plants  of  which  he  examined. 
He  then  proceeded  by  the  ufual  chemical  means,  which  he 
defcribes  in  his  memoir,  to  analyfe  the  vegetables,  with  a 
view  to  afcertain  the  refpeftive  quantities  of  natural  water, 
cliarcoal,  earths,  and  falls  which  they  contained.  That  he 
might  obtain  niore  general  refulis  he  operated  on  different 
.  kinds  df  plants,  viz.  the  pinus  abies ;  pinus  larix;  rhodo- 
ihndron  ferruglneum ;  vacciniiim  myrt'illus  ;  juniperus  com- 
TJitinh.  All  thofe  vegetables  which  belonged  to  granitic 
diftrifts  contained  more  water  than  thofe  of  calcareous  coun- 
tries. The  fmalleft  quantity  of  the  extreme  difference  was 
as  57  to  58,  and  the  greateft  as  52  to  59.  Thefe  differences 
cannot  be  afcribed  to  the  quantities  of  water  which  might 
be  retained  in  the  mould  of  the  granitic  foil  and  that  of  the 
calcareous,  for  they  are  the  invcrfe  of  thofe  prefented  by  the 
vegetables  of  thefe  two  foils.  De  Sauffure  concludes  with 
l3uhamel,  that  the  wood  of  calcareous  countries  is  prefer- 
able, in  point  of  foliditv,  to  that  of  granitic  countries. 

Proceeding  then  to  a  comparifon  of  the  quantities  of 
charcoal  contairled  in  vegetables,  Sauffure  remarks  how  dif- 
ficult it  is  to  elUmate  with  precifion  the  abfolute  quantities 
of  charcoal;  the  relative  proportions  of  that  principle  can  at 
moft  be  known ;  and  he  found  that  it  is  more  abundant  in  the 
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calcareous  vegetables ;  fo  that  it  feems  to  fupply  the  plact  of 
that  quantity  of  waier  which  they  had  lefs  than  the  granitic 
vcjietables. 

Granitic  vegetables  being  more  aqueous,  ought,  According 
to  the  obfervations  of  Duhamel,  to  have  a  fofter  texture,  and 
confequently  to  contain  more  afhcs.  The  incineration  of 
granitic  and  calcareous  vegetables  gave  differences  too  difii- 
cult  to  be  appretiatcd ;  but,  howeveY  fmall  they  might  be, 
they  appeared  to  confirm  this  obfervation. 

The  afhes  furnKhed  by  incineration  having  been  carefully 
analyfed,  SaufTure  found  in  thofe  of  calcareous  vegetables 
a  greater  quantity  of  that  earth,  and  much  more  filex  in  the 
granitic ;  fo  that  the  afiies  of  the  calcareous  rhododendron 
in  lOO  parts  contained  57  parts  of  the  carbonat  of  lime  and 
5  parts  of  files  J  while  thofe  of  the  granitic  rhododendron  con- 
tained 30  parts  of  carbonat  of  lime  and  14  parts  of  filex. 
This  great  difference  is  one  of  the  moll  convincing  proofs 
of  the  influence  of  the  foil  on  vegetation.  As  the  lime-flond 
of  mount  la  Salle,  where  SaufTure  coIle6led  the  vegetable* 
the  allies  of  which  he  arfalyfed,  contains  filex,  this  che-~ 
mill  was  defirous  of  knowing  whether  vegetables  co]le6l- 
ed  on  foil  entirely  free  from  that  earth  contained  any  of. 
rt.  He  therefore  analyfed  the  alhes  of  fome  plants  .which 
had  grown  on  lime-ftone  totally  free  from  filex,  in  the 
■mountain  of  Reculey-de-Thoiry,  in  Jura,  and  found  in  one 
or  two  Cafes  only  a  very  fmall  proportion  of  filex,  while  in 
the  allies  of  the  vegetables  of  Breven  he  perceived  much 
more  calcareous  matter  than  that  mountain  could  furnilh. 
SaulTure  thence  deduces  this  geologit  conclufion,  that  ve- 
getables cover  with  calcareous  matter  movmtains  which 
have  a  bufe  of  filex,  while  the  inverfe  of  this  does  not  take 
place. 

In  the  lall  place,  he  i'nade  a  comparative  analyfis  of  thtf 
fnould  in  which  the  plants  of  Breven  and  thofe  of  Keculey- 
de-Thoiry  grew,  in  order  to  determine  the  relation  which 
Ought  to  exift  between  that  mould,  the  foil,  and  the  aflies 
of  vegetables  which  grow  in  it,  and  had  nearly  the  follow- 
ing refults  :  The  mould  of  Breven  gave  60  of  filex,  14  of 
akminc,  i*i6   c^f  Ume,  Sec.     That  of  Reculey-dc-Thoiry, 
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15  of  filex,  37  of  alumine,  23  of  carbonat  of  lime,  &c. 
It  muft  here  be  remarked,  that  neither  the  foil  nor  the  plant* 
of  that  mountain  contained  any  appretiabJe  portion  of  filex. 

FRENCH    ^JATIONAJ.    INSTITUTE. 

C.  Lacepede  read  a  memoir  on  the  ant-eater. 
A  memoir  was  read  by  C.  Bcauvois  oa  the  American  fox, 
and  the  rabbit  of  the  fame  country.  A  comparifon  of  the 
flcull  of  the  European  fox  with  that  of  the  American  fox, 
cants  virginianus  Gmel.,  as  well  as  of  the  European  rabbit 
with  that  of  America,  lepus  ameruanus  Gmel.  has  evi- 
dently (liown  thai,  thefc  two  fpecies  have  been  improperly 
confidered  by  Buffon  and  feveral  other  naturalifts  as  mere 
varieties  of  the  European  fpecies,  and  that  Erxleben  and 
Gmelin  were  authorifed  in  making  them  diftin^l  fpecies. 

Foxes,  like  thp  dog,  bear,  badger,  and  feveral  other  ani- 
mals of  the  family  of  the  fera,  have  on  the  top  of  the  head 
two  falient  lines,  which  proceed  from  the  pofterior  angle  of 
the  orbit  and  proceed  backwards.  In  the  European  fox  thefe 
two  lines  unite  at  the  future  of  the  frontal  bone,  where  they 
form  a  ridge  more  or  lefs  falienr  according  to  the  age  of  the 
individual.  In  that  of  America  thefe  lines  are  three  times 
as  large  and  as  prominent ;  inftead  of  uniting  at  the  frontal 
bone,  they  feparate  from  each  other,  and  extend  as  far  as  the 
occipital  ridge,  where  they  unite. 

The  lower  jaw  in  thefe  two  animals  prefents  ftill  other  very 
fenfjble  differences.  Each  branch,  which  in  the  European 
fox  appears  under  the  form  of  a  well-rounded  curve,  is 
Ilraight  in  the  American  fox,  and  forms,  with  the  afccndinn- 
branches,  an  angle  of  nearly  145°. 

Differences  equally  ftriking  are  obferved  between  the  Eu- 
ropean and  the  i\merican  rabbits  in  the  elevation  and  thicks 
nefs  of  the  orbicular  apophyfis.  The  American  rabbit  never 
burrows,  like  that  of  Europe,  and  always  brings  forth  two 
young,  like  the  hare.  From  all  thefe  charafters  it  appears 
that  the  American  rabbit  is  an  intermediate  fpecies  between 
cur  hare  and  our  rabbit. 

C.  Decandolle  com:nunicated  fome  experiments  refpeclinpr 
th^  influence  of  light  on  certain  kinds  of  vegeta,bies.     The 
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objeft  which  tlie  author  firft  propofed  in  his  refearches  w^i 
to  afcertain  the  uifluence, which  light  has  on  the  deep  of  the 
leaves  and  flowers  of  plants.  It  appears  to  the  author,  that 
regular  viciffitude  of  day  and  night  in  the  ordinary  courfe  of 
things  renders  any  refearches  in  this  refpe£l  exceedingly  diffi- 
cult ;  and  he  thinks  that  they  might  be  rendered  much  e^ficr 
if  vegetables  were  expofed  to  an  artificial  light,  continued  or 
conibined  in  various  ways.  For  this  {-urpof^p  he  placed  fix 
lamps  in  a  dark  cellar,  and  difpofed  them  in  fuch  a  manner 
that  the  illuminated  plants  had  only  about  66  or  67  degrees 
of  heat,  and  were  flieltered  from  the  fmoke.  Thefe  fix  lamps 
gave  a  light  equal  to  54  taj)ers.  The  experiments  which  he 
made  with  this  apparatus  are  as  follow: 

Mufl:ard  (the  mjagruinjalivum)  and  crefics,  fown,  reareq, 
and  made  to  grow,  expofed  to  this  artificial  light?  h^id  a  fen- 
fibly  green  colour ;  but  (heir  flialks  were  a  little  longer  than 
thofe  which  grew  in  the  open  air. 

The  leaves  of  different  plants  put  under  water,  and  expofed 
to  the  light  of  thefe  lamps,  produced  no  oxygen  gas  for 
twenty-four  hours  \  aftervyards  ^hey  putrefied,  and  formed  a 
deleterious  gas.  This  refuh  is  not  afioni filing,  for  fix  lamps 
are  not  equal  to,  the  light  of  the  fun  ;  and  it  is  well  knowa 
that  in  the  fiiade  no  oxygen  gas  is  difengagcd. 

Branches  of  the  lime-tree, yL'/a?zz/TO  lycoperficiim^  immerfed 
in  water  and  expofed  ron)paratively  to  the  light  of  thefe 
lamps,  an  obfcure  heat  of  69'  Fah.  and  the  open  air  during 
night,  attrafted  much  more\A  .ntr  in  tiic  fight  than  inobfcurity. 
Branches  of  the  oak  attraAed  lilt.'e  water  in  the  light,  and  at 
great  deal  when  cxpofrd  to  heat.  Branthesof  the  fir  ^ttra^ted 
very  little  in  the  ligbt.  It  would  appear  that  this  element 
lias  a  fi ronger  acliop  on  vegetables  that  flied  their  leaves 
than  on  cver-greens. 

The  ceffation  of  fu6lion  and  of  tranfpi ration  during  th^ 
night  is  a  real  ficep  common  to  all  plants.  This  name, 
however,  is  given  to  a  particular  pofition  which  the  leaves 
and  flowers  of  certain  plants  aflume  in  the  night-time. 

Linnffius  diftinguifiies  the  fi)lar  fit)wers  into  three  clafles; 

the  meteoric,  tropical^  and  equhioEl'ial .     C.  Decandolle  is  of 

opinion  thai  to  thefe  we  ought  to  add  tht  ephemeral,  which 
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flower  at  a  certain  hour,  and  perifli  at  a  certain  determined 
period,  which  never  exceeds  twenty-four  hours.  The  marvel 
of  Peru  {mirabdis  jalapu)  when  expofed  to  the  light  of  the 
Jamps  for  three  days,  continued  to  open  in  the  evening,  and 
to  clofe  top-other  in  the  morning;,  nearlv  at  their  accuftomed 
Jiour.  The  cafe  was  the  fame  in  total  darkncfs ;  but,  being 
expofed  to  the  Hghi  of  the  lamps  during  the  day,  they  firft 
exhibited  fonie  irregularities,  but  on  the  fecond  day  they 
ppened  in  the  morning  and  clofed  up  at  night.  The  con- 
vohulits  purpureus,  which  unfolds  itfelf  in  the  opened  air  at 
Jen  in  the  evening,  having  been  expofed  to  the  light  of  the 
lapip?,  opened  i.he  firft  day  at  ten  in  the  evening,  and  next 
day  at  fix. 

The  rock-ro^e, broad-leaved  tree-primrofe, bind- weed,  ficoi- 
des,  marygold,  and  thediamondng-marygold,  exhibited  a  great 
number  of  variations  mentioned  by  C.  Decandolle,  which  it 
would  be  too  tedious  to  detail  here.  We  fliall  only  add,  that 
the  Egvptian  fig-marygold  {mefem' ryanthemum  nod'iflorv ni) ^ 
when  expofed  to  light  during  the  night-time,  and  to  obfcu- 
xity  during  the  dav,  opened  in  the  morning  and  clofed  them- 
felves  at  nie;ht  ;  and  that  the  mej'evi' ryanthemum  fplcr.dcns 
and  tenuifolium^  expofed  to  a  heat  of  69  ,  opened  their 
flowers  in  a  very  Ihort  time,  while  the  fame  heat  h^d  no 
influence  whatever  on  other  plants. 

Bonnet,  who  has  endeavoured  to  explain  the  lleep  of 
plants,  fuppofes  that  the  lower  furface  of  the  folicle,  fuch  as 
thofe  of  the  falfe  acacia  for  example,  is  fufccptible  of  ex- 
tending bv  moifturc,  and  that  its  upper  furface  is  fufccp- 
tible of  extending  bv  drvnefs.  But  C.  Decandolle  obferves 
that  the  moving  caufe  feems  to  ad  on  the  infertion  of  the 
jfc/ic-/^,  and  not  on  the  entire  furface ;  that  this  explanation 
cannot  be  applied  to  the  leaves  the  Jo! iole  of  which  inclines 
forwards  or  backwards ;  and  that  it  would  be  neceflary  to 
admit  that  ihefophorii  and  the  gullandina^  which  in  the  night 
throw  down  their  leaves,  are  organrJed  in  an  inverfe  manner 
to  the  falfe  acacia;  which  is  not  cou firmed  by  anatomy.  The 
caufe  of  the  fleep  of  plants  is  therefore  really  miknown. 

In  none  of  the  experiments  was  there  any  change  made  in 
the  progrefs  of  the  txalisjhida  and  incarnate,  but  a  power- 
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iul  influence  was  obfefved  on  the  fleep  of  the  fehfitive  ptant. 
Several  fenfitive  plants,  expofcd  for  three  days  to  the  conti- 
nued light  of  the  lamps,  opened  and  clofcd  each  day  two 
hours  fooner  than  the  day  before;  from  which  it  appears  that 
the  continuance  of  light  haftened  and  did  not  interrupt  their 
movements.  \\' hen  cxpofed  to  the  fame  light  during  the 
jiight,  and  to  obfcurlty  in  the  daytime,  they  exhibited  a  re- 
gular progrefs  for  nearly  two  days;  after  which  they  ex- 
panded ii>  the  evening  and  doled  in  the  morning.  Their 
movements  were  not  deranged  by  total  obfcurity,  but  they 
feem  to  have  been  retarded  by  a  heat  of  60"^  to  80^.  A  heat 
of  78"  rendered  the  plant  fickly,  and  deprived  it  for  two  days 
of  its  fenfibiljty  when  touched. 

Thefe  fa^Sls,  according  to  the  author,  can  be  explained 
only  two  ways.  We  may  fay  that  thefe  periodical  move- 
ments are  peculiar  to  the  fibres  of  plants,  and  that  external 
circum fiances  are  only  the  ftin;ulants  which  excite  or  retard 
them ;  or  that  the  periodical  movements  continue  notwith- 
ftanding  the  change  of  external  circumftances,  only  on  ac- 
count of  the  habit  acquired  by  the  fibres.  This  laft  expla- 
nation appears  more  probable  than  the  other,  becaufe  we  are 
already  acquainted  with  fome  fafts  which  feem  to  indicate 
that  plants  are  iufceptible  of  habit.  But,  whatever  may  be 
the  explanation  we  adopt,  we  muft  admit  as  the  foundation 
of  it  the  tiieory  of  irritability;  that  is  to  fay,  to  acknowledge 
that  vegetables  are  endowed  with  a  peculiar  kind  of  life  or 
force,  in  confequence  of  which  their  fibres  are  not  affedlecj 
by  external  bodies,  as  unorganifed  beings  would  be  from  the 
mere  laws  of  mechanics. 

The  Englifh  journals  having  announced  fome  new  experi- 
ments rcfpefting  the  theory  of  Gilvanifm,  a  memoir  on  which, 
had  been  prefentetl  to  the  Royal  Society  by  Profefilor  Volta, 
thtfe  experiments  have  been  repeated  by  C.  Robertfon,  and; 
by  a  commiffion  chofen  by  the  Inftitut^. 
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MISCELLANEOUS   ARTICLES, 

AXTiaUITIES. 

The  lovers  of  Eriiini  antiquities  in  general,  and  of  Gothia 
archite<iture  in  pariicular,  will  be  pleafed  to  hear  that  Mr. 
Lowry,  of  Titchfield-Ilrcct,  engraver,  and  Mr.  Alexander, 
of  Ncivnian"^ftreet,  well  known  as  draughtfitian  to  the  late 
Chinefe  embafl'y,  intend  to  publifii  a  fele6lion  of  piftureftjuc 
and  accurate  Vie'.vs  (ahont  the  fize  and  in  the  manner  of 
Hearn  and  Byrne's  Antiquities)  of  the  crolfes  and  conduit* 
erefted  at  different  times  in  various  parts  of  this  iOand,  many 
of  which,  from  their  prefent  decayed  (late,  and. there  being 
no  accurate  reprefentations  of  them,  mud  otherwile  foon  br 
irrecoverably  loft.  The  drawings  will  [>e  made  by  Mr.  Alex- 
ander, and  the  plates  wholly  engraved  by  Mr.  Lowry ;  and* 
from  the  known  abilities  of  thefe  artifts,  the  public  have  i 
right  to  expe!^l  a  work  equal  in  execution  to  any  thing  of 
the  kind  hitherto  publiftied. 

A  pfofpeclus,  with  a  fpecimen,  will,  we  underftand,  be 
foon  laid  before  the  public. 

AGRTCULTURB. 

The  following  ufeful  hints  we  copy  fr<5ni  a  Parrs'  paper  : 
*'  A  Journal,  which  has  a  very  extenfive  circulation^ 
has  lately  announced  fecrets  for  curino;  the  fniut  in  wheat,- 
preferving  it  from  weevils,  and  for  making  bread  from  fmutty 
wheat  as  good  and  falutary  as  that  made  from  found  wheat. 
As  a  farmer,  I  take  the  liberty  of  giving  my  opinion  refpect- 
ing  thefe  difcoveries. 

"  I  can  certify  with  truth,  that  the  method  of  Trianon, 
which  confifts  in  walhins;  the  feed  in  a  folution  of  lime  in 
water,  has  always  preferved  mv  wheat  from  fmut  fince  t 
have  mscic  ufe  of  it.  In  my  opinion  it  is  impofTdyie  to  find  a 
preventive  lefs  expenfive.  Befides,  I  do  not  employ  it  but  for 
t'le  iifth  part  of  the  wheat  which  I  fow  each  yearj  that  which. 
srifcs  kem  il  is  employed  for  feed  the  next  year,  and  fo  on  in 
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fncceffion  ;  but  I  take  great  care  not  to  dry  the  wheat  pr?-^ 
pared  in  this  manner  either  in  an  oven  or  ftove,  left  the 
germ  {liould  be  injured ;  it  muft  not  even  be  drv  when  fown, 
becaufe  the  lime  \^ould  detach  itfelf,  and  injure  the  fower. 

''^  In  regard  to  weevils,  one  of  my  neighbours  has  en- 
tirely cleared  his  houfe  of  them  by  a  very  eafy  procefs.  In 
the  mbhth  of  June,  his  granaries  and  barns  being  entirely 
empty,  he  caufed  a  number  of  large  ant-hills  to  be  collecled 
in  bags,  and  difperfed  them  throughout  the  places  infelted 
by  thefe  infei^ts.  The  ants  immediatelv  attacked  the  weevils 
and  devoured  them  tntirelv,  fo  that  not  one  of  them  was  to 
be  ieen.  Since  that  period  none  of  thefe  dcftruiitive  in- 
fers have  appeared  on  his  premiies. 

'*  The  third  fecret  is  ver\-  fimple :  it  confifts  in  wafhing 
the  fmutty  wheat  in  pure  water  till  it  no  longer  becomes 
black  ;  it  muft  then  be  inimerfed  in  boiling  water  and  dried, 
fo  that  it  can  be  ground.  By  this  procefs  as  good  bread 
rtiay  be  obtained  as  that  made  from  wheat  whicih  is  free  frCmi 
fmut." 

CHEMISTRY. 

Mr.   Klaproth,  of  Berlin,  having  lately   analyfed  honej- 
ftone,  has  found  that  the  alumine  contained  in  it  is  united 
to  an  acid,  the  radical  of  which  is  the  fame  as  that  of  the 
vegetable  acids,  but  with  diflerent  proportions  of  the  carbon, 
and  hvdroiren. 

The  vegetable  alkali  has  been  found  in  different  minerals* 
This  new  faft  cannot  therefore  fail  to  prove  interefting,  and 
may  lead  to  fomc  ufeful  fa6ts  refpefttng  the  conne6lion  be- 
twetn  the  vciretable  and  mineral  kingdoms. 
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i.    A  fhori  Vic<w  of  the  nez'u  EleSiric  Experiments  performed 
by  Dr.  Van  Marum. 


T. 


HE  experiments  which  form  the  fubjecl  of  this  article 
■^ere  performed  with  the  large  machine  in  the  Teylerian  mu^ 
fieum  at  Haarlcni,  partly  undertaken  at  the  requeft  of  other 
philofophers,  and  defcrihed  in  his  lafl  work  on  eleftricif 
entitled    Tzueede    Vervolg    der   Proefneemingen  gedaaji   n  ft 
Tcc'xUj-^s  El.  Mdcb.   Haarlem  1 795,  4to.     It   muft  here  be 
obfervcd  that,  fince  the  lart  publication  refpecling  thefe  e. 
periments,  great  improvements  have  been  made  in  the  large 
machine,  and  particularlv  in  regard  to  the  cufhions.     Ac- 
cording to  the  old  mode  of  conftru6lion,  the  cufliions  wer< 
preffed  towards  the   glafs  plates  by  means  of  two  fcrews,  ir 
Confecjuence  of  which  it  was  not  poflible  to  maintain  ai 
uniform   preffure  on  both  fides.     At  prefent,  however,  0. 
uniformitv  of  prefiTure  is  obtained  by  two  fteel  fpTings,  whicl. 
arc  applied  with  hinge?  to  the  end  of  two  iron  plates,  and  an 
kept  together  bv  one  fingle  fcrew.     As  thefe  fprings  exercif.j 
their  preflurc  on  the  centre  of  gravity  of  the  cufliions,  thft 
preflure  is  uniformly  the  fame  in  every  part,     Beiidcs  this 
improvement,  the  condu(^tor  is  conftrucled  in  fuch  a  manner 
that,  merely  by  turnincf,  it  can  be  employed  fometimes  for 
receiving  poHtive  and  fometimes  negative  eleclricitv ;  fo  thaJ 
both  thtfei-kinds  of  electricity  can  be  communicated  to  the 
(^onducj&^^-Tjy  changino;  its   pofition.     The   colie(5lor  is  uo 
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Idhgcr  furniflicd  with  fplkcs,  but  is  perfeftly  fmooth  aflcl 
foniewhat  rounded,  and  has  been  lengthened  from  fix  to  tei.j 
inehcs. 

By  the  conduftor  alone  cx'pcriments  were  made. 

>.  Refpecting  the  eftcol  of  electricitv  on  the  pulfc.  Dr, 
VAii  Marum  thought  he  had  rcafon  to  conclude  from  his 
former  experiments,  that  cle6lrieity  does  not  increafe  the 
pulfc.  But,  as  fome  doubts  arofe  on  this  ful>ject,  which 
were  fupported  by  a  paper  of  Meflrs.  \'^on  Troolhvyk  and 
Deiman,  he  thought  it  might  be  of  fome  utility,  in  a  fubje6t 
of  fo  much- importance  to  medical  ele£lricitv,  to  repeat  the 
experiments  according  to  the  method  of  thefc  philofophers. 
For  this  purpofo  eleven  pcrfons  were  felefted,  and  the  expe- 
riment was  repeated  four  times  on  each,  both  with  pofitive 
and  negative  electricity.  Thefe  perfons  were  placed  in  a 
loom  which  was  at  fuch  a  diftance  from  the  machine  that 
ihev  could  not  hear  the  noife  it  made  in  turning ;  they  were 
^ll'o  infulated,  and  their  pulfe  was  felt  when  the  machine 
ivas  in  motion  as  well  as  when  it  was  at  reft  (which  laft  cir- 
oimiftance  was  unknown  to  them),  and  the  beats  were  told 
by  a  good  obferver  by  means  of  an  excellent  watch.  In 
fome  fingle  cafes  a  few  beats  more  were  obfcrved,  but  on  the 
whole  there  was  ho  particular  increafe  of  any  confecjuence. 
In  general,  however,  there  was  great  irregularity  in  the-pullc 
both  during  the  time  the  pcrfons  were  clcclrllied,  and  durin«- 
the  time  the  machine  was  at  reft. 

2.  .R'jfpedting  the  increafe  of  infenuble  pcrfpiratlon  during 
the  time  the  pcrfons  Vvcre  eleftrified.  Dr.  Van  Marum  eni- 
ploved  for  this  purpolc  a  very  fennbic  balance,  one  Icale  of 
■which  was  infulated  by  means  of  a  (ilk  cord;  On  this  fcale 
iic  placed  a  bov,  eight  years  of  age,  connected  with  the  con- 
ductor, and  brought  the  balance  into  equilibrium.  lie  then 
examined  the  lofs  of  weight  fuftaiued  ia  half  an  hour  befors 
the  boy  was  clc<^triiied,  and  found  it  amount  to  a8o  grains; 
after  which  tlie  machi-ne  was  turned  for  half  an  hour,  and 
the  lofs  lit  the  end  of  that  time  amounted  to  295  grains.  By 
n  fiuiilar  c.\perimcnt  on  another  (;cca(ifjn,  the  lofs  of  weight 
before  being  electrified  was  330,  and  after  being  expofed  to 
dcdtricity  only  310.  A  girl  of  icvcu  )csrt  led,  before  being 
8  wKc^rificd, 
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elcArjfied,  180;  and  when  cleftrlfied,  165  grains..  A  boy 
of  eight  years  and  a  half  lod  uneleclrificd  430,  and  when 
declriilcd  290.  Another  of  nine  years,  uneledrified  170, 
ele^lrificd  240.  As  the  la(l  boy  was  exceedingly  quiet  during 
the  experiment,  it  was  thought  that  the  increafe  was  the 
confequence  of  ele6lncily ;  on  this  account  lie  was  feveral- 
times  fubjected  to  the  experiment,  and  the  refuhs  were  in  the- 
uncleclrilied  Itate  550;  in  the  elec^tric  390,  330  and  270, 
550  and  420.  In  nioft  of  the  experiments  it  appeared  that, 
there  was  rather  a  dccreafe. 

3.  Refpeeling  the  irritabilily  of  the  vcflels  of  vegetables  as 
tlie  caufe  of  the  afcent  and  defeent  of  fap. — The  rciult  of 
thefe  experiments  {I'is.  that  from  the  cut  Items  of  diflerent 
kinds  of  euphorbia,  and  other  plants  of  the  like  nature,  when 
expofcd  to  lirong  fparks,  no  more  fap  flows,  as,  by  the  irri- 
tability of  the  fibres  being  deftroyed,  the  veflels  are  rendered 
ijicapable  of  contracting  thenifclves)  is  already  well  known. 

4.  RefpeAing  the  cxiflence  of  caloric  in  the  ele(?l:ric  matter. 
— ^Dr.  Van  Maruni  caufed  a  conductor  of  very  thin  brafs 
plate,  five  inches  in  diameter  and  eleven  inches  in  length, 
to  be  eonftrucled  with  a  cavity  in  the  middle,  in  which  he 
placed  the  bulb  of  a  very  fenfible  thermometer,  and  fufpcnded 
it  by  filk  firings  near  the  conductor  of  the  large  machine, 
Neither  by  politive  nor  negative  electricity,  however,  did 
tJieir  appear  the  ieaft  fign  of  the  thermometer  rifing.  As 
charcoal  is  an  excellent  condutlor,  he  introduced  the  bulb  oi 
the  thermometer  into  a  cavity  made  in  a  piece  of  that  ftrb- 
ilancc;  but  ftill  there  was  no  fign  of  heat.  From  this  it. 
appears  to  him,  that  the  figns  of  heat  exhibited  by  cleilricitv 
may  arife  only  from  the  great  velocity  with  which  the  electric 
matter  pafles  through  bodies,  and  that  the  fufion  or  combuf- 
tion  of  thefe  bodies  thence  refulting  may  be  occaiioncd  l)y 
tJie  fri6lion  thus  produced.  If  a  ftream  of  electric  matter  be 
conveyed  to  the  bulb  of  a  thermometer,  it  immediately  rifcs 
as  Van  ]\Iarum  found,  and  often  from  So  of  Fahrenheit 
to  100  and  more:  but  this  experiment  cannot  be  confidtred 
a-!  a  proof  of  the  exiitence  of  caloric  in  the  electric  matter, 
as  Cavendiili  found  the  eleolric  current  dccompofes  the  at- 
Riofphcric  air,  by  which  means  fome  caloric  mav  be  dif- 
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engaged  from  it.  To  afccrtain  the  truth  of  this  conje(?\ure, 
V^an  Marum  introduced  a  thermometer  Into  a  receiver  be- 
tween two  conductors,  and,  having  cxhaufted  part  of  the  air, 
threw  the  eleftric  ftream  on  the  bulb.  The  thermometer, 
however,  rofe  higher  than  in  the  open  air,  or  to  120  degrees. 
The  air  in  the  receiver  had  been  rarefied  lo  ^'^-.  That  he  niiglit 
proceed  with  Hill  greater  certainty,  he  performed  the  experi- 
ment in  oxygen  gas  and  azotic  gas  rarefied  in  the  fame  de- 
gree; but  in  both  cafes  the  thermometer  rofe  as  much  as 
before.  Van  Marum  thought  he  fliould  find  another  proof 
of  the  above  opinion,  by  trying  whether  the  elctlric  matter 
was  able  to  convert  aqueous  liquids  into  expanfible  fluids ; 
for,  as  the  elaflicity  of  all  fuch  fluids  is  afcribed  to  their  mix- 
ture with  caloric,  it  feemed  reafonable  to  conclude  that  caloric 
muft:  exift  wherever  it  is  pofifible  to  form  expanfible  fluids. 
Prieftley  converted  vitriolic  ether,  by  means  of  electric  fparks, 
into  infi-nnmable  gas,  and  obtained  the  like  refult  from  oil 
of  turpentine,  fpirit  of  wine,  and  ammonia;  but  Dr.  Van 
Marum,  from  thefe  fubltances,  obtained  onlv  very  little  gas, 
though  his  machine  worked  with  much  greater  llrcngth,  and 
the  fmall  quantity  which  was  obtained  was  again  foon  ab- 
forbed ;  and  therefore  he  is  of  opiiiion  that  thefe  gafes  were 
ratiier  expelled  from  the  above  fubftances  by  the  olc<^tricity, 
than  prepared  bv  it  from  their  component  parts.  Vv^ith  ether 
and  ammnnia  the  quantity  was  a  little  larger;  but,  as  thefe 
fubltances  are  exceedingly  volatile,  it  could  not  be  determined 
v.itli  certainty  that  the  air  was  produced  from  the  caloric  of 
the  electric  matter ;  becaufe  feveral  liquids  acquire  their 
liquid  form  merely  from  the  prelTure  of  the  atmofphere. 
X)r.  Van  Marum  conceived  the  idea  of  making  the  experi- 
ments in  vacuo  with  other  fluids,  becaufe  in  that  cafe  a  fmall 
quantity  of  caloric  might  produce  air.  For  this  purpofe  he 
employed  the  Torricellian  vacuum,  and,  having  put  platina 
wires  into  feveral  barometric  tubes  '  inch  in  diameter,  fufed 
the  elafs  around  them  at  a  lamp  ;  he  then  inverted  the  tubes, 
and  filled  them  with  quickfilver  in  fuch  a  manner  that  '  inch 
cf  each  remained  empty.  Into  this  cmptv  fpace  he  intro- 
duced the  fluids,  through  which  the  cleftric  Iparks  \\cre  to 
be  conveyed ;  ihea  clofed   the  aperture,   and  again  inverted 
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the  tubes,  that  the  fluid  might  afcend  to  iTic  upper  part  of 
them.  The  exhanfled  fpace  Jcft  by  the  dcfccnt  of  the  mer- 
cury was  feme  inches  in  length,  which  appeared  to  him  to 
be  the  mofl  advantageous.  He  then  held  the  tubes  in  a  ver- 
tical portion  in  a  vcflel  filled  with  mercury,  and,  placing  a 
ball  three  inches  in  ditimeter  on  the  wires  at  the  top  of  the 
tubes,  caufed  the  fparks  from  the  conductor  to  fall  upon  it. 
The  quickfilvor  in  the  tube  was  at  the  fame  time  eonneded 
with  an  infulatcd  ball  by  means  of  a  wire. 

The  firft  experiments  were  made  with  water,  carefully  pu- 
rified by  boiling  and  by  the  air-pump.  When  the  fparks 
firuck  the  water  through  the  vacuum,  a  confidcrable  quantitv 
of  air  fcemed  immediately  to  be  produced,  fo  that  in  three 
minutes  the  mercury  fell  i^-  inch.  During  the  next  five 
minutes  the  mercury  fell  only  -];  of  an  inch,  and  the  produc- 
tion of  air  thefi  totally  ceafcd.  After  three  days,  the  air 
which  had  been  produced  did  not  appear  to  be  in  the  leaft 
leflened.  By  another  experiment  of  the  like  kind  fuch  a 
quantity  of  air  was  produced  that  in  four  minutes  the  mer- 
cury fell  3  inches  4  lines;  but  next  day  the  air  was  lelfened 
I  inch  8  lines:  the  remainder  retained  its  elaflicity. 

In  an  experiment  with  alcohol,  fuch  an  abundant  quantity 
of  air  was  produced  that  at  firft  the  mercury  fell  ^  inch  at 
each  fpark.  The  produftion  of  air,  however,  decreaicd  irv 
proportion  to  the  falling  of  the  mercurv.  Two  experiments 
of  the  fame  kind  gave  more  ftriking  refults,  which  in  other 
refpe6ts  were  fimilar  to  the  former. 

In  an  experiment  with  cauftic  ammonia,  a  column  of  air 
of  21  inches  was  produced  in  five  minutes.  Carbonat  of 
ammonia  gave  a  column  of  18  inches,  and  camphor  one  of 
6[  inches  in  the  fame  time.  The  air  produced  by  alcoliol^ 
when  tried  by  a  te(t,  was  fou.nd  to  be  pure  inflaminable  air: 
that  from  camphor  was  found  to  be  nearly  as  free  from  mix- 
ture :  that,  however,  from  both  kinds  of  ammonia  eonfifted 
of  inflammable  air  mixed  witli  azot.  From  this  it  apnc-rs 
that  the  eleclricity  hau  feparated  from  each  other  the  tw<* 
component  parts  of  tiie  ammonia,  hvdrogen  and  azot.  Dr. 
V^an  Marum  imagined  that  the  air  produced  from  the  waier 
■would  confift  aUq  of  oxygen  and  hydrogen,  and  on  tliat  ac^ 

couy.* 
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count  tried  to  inflame  it,  but  without  luccefs  :  he  condenfcd 
the  air  he  obtained  till  it  almoft-cquallcd  in  that  refpeA  at- 
mofpheric  air,  by  immerfing  the  barometric  tilbe^in  a  wider 
one  filled  with  quickfilver ;  but  inflammation  did  not  take 
place  until  a  little  oxygen  gas  or  atmofpheric  air  was  intro- 
duced into  it.  Hence  there  was  reafon  to  conclude  that  in- 
flammai)le  air  only  was  obtained  from  the  water;  and  Dr. 
Van  Marum  acknowledges  that  it  is  difficult  to  explain  what 
came  of  the  oxvgen,  the  other  component  part  of  the  water. 
Why,  favs  he,  did  it  not  form  itfelf  into  oxvgen  gas  with  ths 
caloric  produced  from  the  eleclric  matter?  But  it  is  polTible, 
^uds  he,,  that  this  lafl;  formation  may  be  much  more  difficult 
than  the  former;  and,  as  it  appeared  from  former  experi- 
ments, that  the  ele6lric  fpark  decompofcd  oxygen  gas,  ita 
oxygen  may  have  pafl'ed  into  the  mercury,  and  the  calorie 
may  have  efcapcd :  no  fi^ns  of  oxydation,  however,  were 
obfcrvcd  on  the  mercurv. 

All  the  kinds  of  air  produced  in  this  manner,  that  from 
water  excepted,  fullv  retained  their  elafticity ;  for  even  at  the- 
end  of  a  vear  no  lefl'ening  of  them  was  obfcrvcd  in  the  tubes, 
though  kept  under  a  preflure  equal  to  that  of  the-titmofphere. 
Electricity,  therefore,  had  effefted  in  thefe  experiments  what 
had  been  formerly  afcribed  to  caloric,  and  they  fecmed  to 
prove  that  caloric  cxifts  in  the  eleclric  fluid.  This  much 
liowever  is  evident,  that  tl^e  eleAric  fluid  is  not  caloric  itfelf, 
olherwife  it  muft  heat  thole  bodies  through  which  it  pafl*es; 
but  this  is  not  ihe  cafe :  it  appears  alfo  that  in  the  eleftric 
fparks  it  is  combined  \\  ith  fonie  other  fubftance  which  pre- 
vents it  from  communicating  heat  to  bodies;  and  perhaps  it 
i.s  in  a  c(jndilion  to  do  fo  oniy  when  it  is  difengaged,  and  be- 
comes free  bv  the  electric  matter  being  decompofed. 

Whetiier  this  other  l.ubnancc  may  not  be  the  matter  of 
light,  and  whether  during  thefe  experiments  it  pafled  through 
the  fides  of  the  glafs,  as  no  figns  of  any  other  matter  on  the 
plafs  could  be  obfcrvcd,  he  could  not  decide.  AH  the  caloric 
'jifenjiaged  was  not,  liowcver,  employed  in  tlie  formation  of 
jnHammablc  air:  a  part  of  it  remained  free,  and  heated  the 
tub'.'<,  V.  hich  within  live  minutes  were  at  a  temperature  equal 
tu  150  degrees  of  Fabrenhpit. 

5.  Ex- 
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.^.  Experiments  made  to  determine  whether  It  was  poflible 
by  electric  fparks  to  decompofe  certain  fubftances,  «r  to 
Ohange  them  in  a  fenfihlc  manner. — As  Dr,  Van  Marum,  in 
the  years  1785  and  1787,  was  able  to  decompofe  nitrous  and 
alkaline  air  by  ele6lric  fparks,  he  wiflied  to  try  the  fame  ex- 
periment with  other  fubllanccs,  '  For  this  purpofc  he  em- 
ployed tubes  of  from  13  to  14  inches  in  length,  and  frorri 
3  to  4  lines  in  diameter,  into  the  ends  of  which  he  introducecj 
platina  wires,  and  fufed  the  glafs  around  them.  When  the 
bodies  to  be  examined  required  mercury,  he  filled  the  tubes 
with  that  fubrtance,  and  introduced  the  bodies  in  fuch  a 
manner  that  they  floated  about  an  inch  over  it.  Above  the, 
bodies  an  inch  of  air  was  left,  that  the  fparks  might  be  con- 
vtfV'cd  to  them  with  sireater  force;  for  he  had  been  tauoht. 
by  experience,  that  the  fliocks  are  of  the  utmoft  importance 
in  experiments  of  this  kind.  However,  he  could  not  venture 
here  to  employ  any  atmofpheric  air;  as  this  air,  when  de- 
compofod,  gives  nitrous  acid,  which  would  have  mixed  with 
t^jc  products  obtained.  The  fitteft  for  this  purpofe  were  vital 
air  and  azot.  When  he  tried  fuch  fubftances  as  attack  mer- 
cury, the  whole  tubes  were  filled  with  the  acid,  and  a  platina 
wire  was  immerfed  in  it,  fo  that  its  upper  end  was  an  incli 
deep  below  the  furfacc  of  the  acid.  This  wire  ferved  inlteail 
of  the  mercury  as  a  conduclor. 

Having  introduced  concentrated  fulphurlc  acid  into  this 
l:\ft  apparatus,  and  conveved  to  it,  for  a  quarter  of  an  hour, 
politive  or  negative  fparks,  lio  figns  of  anv  change  were  ob- 
ftrved.  The  cafe  was  the  fame  when  it  was  (trongly  heated 
or  rarefied. 

Fuming  nitrous  acid  gave,  in  the  courfe  of  five  minute?,  a 
column  of  two  inches  of  an  acrifcrm  fluid  ;  but  in  a  quarter 
of  an  hour  very  little  of  it  remained.  It  appears  that  the  ca- 
loric of  the  eleolric  matter  had  given  the  acid  a  gafeous  form, 
but  in  itlelf  nf)  change  could  be  perceived. 

Commoii  nitrous  acid  gave  a  colunm  of  air  of  half  an  inch, 
which  difappeared   alio  when  the  electric  matter  ccafed  to 

Common  fuming  muriatic  acid  exhibited  the  fame  phrp- 
nomenu  as  the  former.     The  byperoxygenated  did  not  pro- 
duce 
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diicc  the  Icaft  gas;  it  appeared  that  the  caloric  bad  no  great 
tendency  to  unite  iifclf  with  tlie  oxvgen. 

Carbonat  of  potaCn,  or  f'uicd  fait  of  tartar,  treated  for  a 
quarter  of  an  hour  over  mercury  witli  fparks,  experienced  na 
change. 

Concrete  volatile  alkali  2:ave,  between  mercury  and  air,  la 
much  gas  that  the  whole  tube  was  fdlcd  with  it.  In  this 
cafe  the  produ6l  was  partly  inflammable  air  and  partly  azot; 
and  it  appears  from  thefe  experiments  that  the  formation  of 
gas  froai  both  thefe  component  parts  takes  place  as  well  in 
air  as  in  vacuo. 

Tindure  of  lackmus  did  not  become  red,  though  expofed 
to  fparks  for  half  an  hour, 

Profeffor  Volta  had  requefled  Dr.  V"an  INTarum  to  convey 
fparks  to  fufed  faltpetre,  in  order  to  try  whether  a  decrepita- 
tion would  take  place.  This,  however,  v^as  not  the  cafe 3 
and,  after  cooling,  the  faltpetrc  did  not  appear  to  be  in  the 
kaft  alkalifcd. 

As  oxygen  feparates  itfelf  from  horn-filver  ih  the  light  of 
the  fun,  PrielUey  firlt  propofed  to  Van  Marum  to  expofe  it 
to  electricity;  but  no  air  could  be  obtained  from  it,  either 
between  the  mercury  and  water,  or  in  the  Torricclliaa 
vacuum. 

Solutions  of  filver,  copper,  Iron,  lead,  and  qnickfilver,  in 
nitrous  acid,  and  of  gold  and  tin  in  aqua-rcgia,  did  not  give 
the  Icaft  precipitate  in  a  tube  furniflied  with  a  platina  wire, 
With  fdver,  lead,  tin,  and  qnickfilver,  a  little  aeriform  mattef 
was  obfcrved,  which  however  did  not  amount  to  above  one- 
fourth  of  ap  inch,  and  was  again  immediately  abforbcd  after 
the  experiment. 

6.  Experiments  which  fliow  that  charcoal  contains  hy- 
drogen. 

Thefe  experiments  were  made  in  confcqncnce  of  a  vlfit 
from  Landriani,  on  the  loth  of  November  i'jH'4.  Lavoifier's 
combnftion  of  charcoal  in  oxvgen  gas  had  j)roved  merely 
that  carbonic  acid  is  produced  from  charcoal  and  oxygen  gas; 
but  he  as  little  pro\ed  as  anv  of  the  antiphlogiftians,  by  a 
^lirect  experiment,  that  the  charcoal  or  the  carl)OHic  acid, 
vLtalnod  by  its  v.onihu'ulpia  in  vLuJ  air,   carried  witii  it  no 
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water.  The  fixed  air  in  this  experiment  was  obtained  by 
heat  from  a  mixture  of  charcoal-dull  well  dried  and  freed 
from  air,  and  red  precipitate  expofed  to  heat.  In  order  that 
the  vefTels  might  be  freed  from  all  moiflure  they  were  ex- 
pofed to  a  ftrong  heat,  and  the  quickfilver  employed  in  the 
apparatus  was  boiled.  In  order  to  try  whether  the  car- 
bonic acid  obtained  contained  any  water,  ftrong  fparks  were 
made  to  pafs  through  it;  and  the  operator  watched  with 
great  care  to  obfcrve  whether  water  would  be  produced,  and 
whether  a  long  fpiral  iron  wire,  employed  in  the  apparatus, 
would  be  oxydated.  The  fixed  air  itfelf  occupied  in  the  tube 
the  length  of  nearly  4  inches  61  lines  before  being  fubje6led 
to  ele<5lricity,  and  tiie  diameter  of  the  tube  was  7  lines.  As 
foon  as  the  fparks  entered  it,  the  operators  faw  with  afto- 
nifliment  that  the  column  of  air  gradually  increafed,  and, 
after  being  electrified  16  minutes,  the  air  in  the  tube  occu- 
pied a  fpaee  of  5  inches  1  line,  which  gave  an  increafe  of  al- 
moll  ~  ^>f  the  whole.  They  then  waflied  the  fixed  air  in 
cauftic  alkali  till  its  volume  ccafed  to  be  IcflTened,  and  the 
refiduum  in  the  tube  amounted  to  two  inches.  The  flame 
of  a  taper  being  then  applied  to  the  aperture,  this  eleftrified 
refiduum  inflamed,  and  therefore  fliowed  that  it  confifted  en- 
tirely of  unmixed  inflammable  air.  As  this  refult  did  not 
coincide  with  what  we  are  taught  by  theory,  it  was  refolved 
to  repeat  the  experiments,  and  to  employ  double  care  in. 
order  to  drive  off^  the  moifture.  But  as  greater  attention 
w-as  now  paid  to  what  took  place  during  the  revival  of  the 
mercury,  it  was  obferved  that  fome  vapour  was  depofited  in 
the  upper  part  of  the  flaflc  employed  for  the  experiment,  as 
well  as  in  the  tube  through  which  the  produced  air  was 
made  to  pafs.  It  was  fuppofed  on  the  firfl:  view  that  this 
vapour  wasfublimated  mercury;  but  it  foon  formed  itfelf  into 
fmall  drops  of  water,  which  increafed  in  fize,  fo  that  no  doubt 
now  remained  refpefting  the  production  of  water.  The  re- 
duction was  then  fufpended,  and  the  v^liole  apparatus  was 
heated  and  dried  as  well  as  poflible;  but,  on  continuing  the 
experiment,  the  drops  again  appeared.  Now,  as  it  was  im- 
pofllible  that  this  water  could  arife  from  the  moifture  of  the 
velfels,  it  feems  proved  to  V^an  Marum  that  carbon  not  only 
Vol..  VIII.  D  d  contains 
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contains  the  bcife  of  carbonic  acid,  but  that  alio  of  bydrogen 
gas.  But  .^ven  if  this  cxptriuiOMt  had  proved  the  exilU-nce  of 
hydrogen  in  charcojl,  it  would  not  follow  that  the  inflam- 
mable air  t'.ieace  refnlting:  ei^eclrls  the  redutici-n  of  metallic 
oxydo  in  the  wav  undcrCtood  bv  the  Stahlian?  ;  it  would  ihow 
nothing  more  than  that  charcoal  is  not  a  lupuL-  fubltance*; 
for,  if  it  were  fo,  it  would  not  produce  water,  but  would  iiusply 
join  the  the  oxyd  and  reduce  it. 

[  Vo  be  continuec'.] 


If.     Of  Chemical    and    yi'ineralogical   Komtuclatiire.       By 
Richard  Km  wax,  LL.D.  F.R.S.  and  P.R.I.J. 


A: 


[Concladed   from   Paje   179.] 


.XOTIJKR  Inconvenience  .avifing  from  denominations 
aiming  to  expjcis  the  compofition  of  tlic  objects  on  which 
thev  are  bcftowed,  is,  that  thev  ofien  cannot  exprefs  the  pro- 
porti(m  of  tlic  compounding  ingredients  without  confiderable 
embarrafl'ment;  this  proportion  neverthclef>  is  a  circumltance 
often  of  great  importance,  as  it  induces  an  important  differ- 
ence in  their  properties,  and  the  embarrallmentis  greater  when 
the  compounding  ingredients  are  numerous.  To  obviate  the 
firll,  in  one  particular  inftance,  the  French  fchool  have  very 
properly  alligned  diffjrent  names  to  compounds  holding  dif- 
ferent proportions  of  oxygen  and  poffeffuig  different  properties 
in  virtue  of  that  difterence  of  proportion,  as  acids  and  oxides; 
but  feveral  of  the  vegetable  acids  difier  from  each  other  only 
in  the  proportion  of  ingredients,  which  cannot,  even  if  fully 
known,  be  expreffed  in  detail  on  every  occafion.  So,  to  ob- 
tain a  didinot  knowledge  of  the  various  combinations  of  ful- 
.phur,  or  fulphur  and  hydrogen,  with  different  bafes,  is  of  the 
utmoft  conicquence  to  any  one  that  wiflies  to  obtain  any 
infight  into  the  pha^nomena  prefentcd  by  mineral  waters 
during  their  analyfis,  or  of  the  nature  of  other  fulphurated 
compounds  :  on  this  obfcure  and  intricate  inveftigation  moft 

*  It  is  well  known  that  charcoal  retains  water  with   great  obftinacv 
pncl  it  is  extrem.ly  probable  that,  in    fpite  of  the  care  ufcd  in  this  exptri- 
•mtnt,  fonie  of  th:it  liquid  had  been  left  in  the  charcjal  employed. 
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tertalnlv  the  eminent  abilities  of  Fourcrov.  and  the  confum- 
niatc  Ikill  a;i(J  lafacilv  of  Borlholltit  and  his  aflociatc  Wther, 
have  thrown  the  cleared  light  5  yet  I  muft  ov\n  that  the 
terms  employed  by  the  two  la't  to  denote  the  different  com- 
pounds appear  to  me  very  perplexing,  though  the  bell  that 
could  be  chofen  on  the  princij)les  of  the  new  nomenclature  *. 
I  Hr.ttcr  mvfelf,  therefore,  that  a  fliort  explaiiation  nf  them, 
and  of  the  names  I  would  wifn  to  fubftitute  in  their  room, 
\\ill  not  be  unaecepiable  nor  out  ot  place  on  this  uccaliun. 

Sulphurc,  Sulfhiiret  of  the  E,igli/h. 

By  this  the  French  underiland  the  compound   o{  fulphur 
Jiuglj  \\\^\\  any  bafes  except  hydrogen:   thefe  con.jjounds  I 
call  htpars  if  unmetallic,  but  if  metallic  I  apply  their  antient 
names. 

Hj'drogcne  Sulphur^,   Sulphurated  H  ■drngrn. 
This  complex  denomination  exprefles  the  union  of  fulphur 
with  hydrogen.     I  call  it  by  its  antient  name^  hepatic  air. 

Soiiffre  Hj'dro(rene. 
This  term  exprefles  the  union  of  fulphur  with  hepatic  air. 
The  fulphur  abounds,  and  il  does  not  form  a  permanent  air, 
but  alVumes  an  oily  form,  Englifh  neologiiis  would,  I  pre- 
fume,  have  called  it  hydrcgcnated  fulphur :  it  is  plain  that 
thi?  name  does  not  express  all  the  ingredients,  for  it  is  to 
hepaiic  air,  and  not  merely  to  hydrogen,  that  the  fulphur  is 
united;   I  call  it  therefore  hcpaticattd  fulpuur. 

Hjdro  Sjilphurc. 
Hepatic  air  is  capable  of  uniting  to  various  bafes,  and  even 
prccipilaces  fulphur  frovn.'hem  if  previoully  united  to  them  ; 
on  thefe  couijiinmds  Berthoiiet  bchows  ihe  above  denomina- 
tion. The  Kngl'ilh,  I  fuppofe,  would  call  them  hydrofulphu- 
rcts;  I  call  them  hepatula. 

Sjdphure  Hjdmgene. 
This  denotes  the  union  of  hcpaticated  fulnhur  (fouffrc  hy- 
drogen'e)  with  any  bafis :    the  Englifn,  I  fuppofe,   would  call 

'■=  See  Ann,  Chem.  ^XV,  p.  230.  and  New  Rex,  Jour.  III.  p.  436. 
D  d  3  thefc 
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thefe  compoLinds  hydrogenated  fiilfhurets :  this  appellation 
does  not  exprefs  the  compofition.  I  employ  the  term  hef>a- 
tlcated  to  exprefs  this  compofition.  Berlhollet  has  difco- 
vered  that  fixed  alkaline  hepars,  when  dilfolved,  or  even 
moift,  are  always  in  this  (tate,  and  conftquently,  that  an 
alkaline  hepar  cannot  exift  but  in  a  dry  ftatc. 

In  the  cafe  before  us,  we  fee  the  confufion  and  perplexity 
occafioned  by  a  i\n&.  adherence  to  the  rule  reconmiended  by 
Lavoilier*,  that  a  conformity  or  conneolion  fliould  be  main- 
tained between  the  names  of  a  bafis  and  its  compounds  :  in 
fome  cafes  it  is  highly  proper,  and  hence  the  different  de- 
grees of  oxygenation  of  certain  acids  are  very  properly  indi- 
cated by  a  flight  alteration  of  the  termination  of  the  name  of 
each,  z^fulphureous  undfulphiiric,  but  th>,'fc  names  indicate 
only  extreme JlateSy  the  llrft  only  the  fmallcll  degree  of  oxy- 
genation conltituting  an  acid,  and  the  lafc  the  ftate  o{ perfccl 
faturation :  now,  this  fonie  acid  commonly  occurs  in  neither 
of  thefe  Hates,  but  in  a  ftate  participating  more  or  lefs  of 
both  ;  thefe  names,  therefore,  applied  to  it  when  thus  circum- 
flanced  are  falfe;  and  as  in  this  intermediate  ftate  it  has  al- 
ways been  known  by  the  name  of  z'ifrioHc  acid,  I  think  this 
name  (liould  ftill  be  retained.  Nav,  the  fulphureous  acid  is 
itfelf  capable  of  two  very  diiferent  ttates,  as  may  be  feen  in 
the  6th  \olume  of  Dc  Mho'iv's  edition  of  Junker,  p.  J43. 
So  the  term  fiitric  isveiv  proper  to  denote  the  full  faturation 
of  the  nitrous  bafts  with  oxygen.  But  the  term  nitrons,  em- 
ployed to  tLniote  the  fnialleft  degree  of  ox\-genation  neceflary 
to  convert  this  bafis  into  an  acid,  is  improper,  as  it  has  ever- 
more conveyed  a  diflerent  idea.  Hence  I  exprefs  this  lowefl: 
extreme  of  oxygenation  by  the  term  mephito  fiitrous,  as  the 
radical  primary  bafis  may  be  called  mephitc,  or  mephitic  air,' 
inftead  of  the  new  coined  name  azof.  And  the  term  nitrous-^\ 
acid  may  ftill  denote,  a?  it  lias  evermore  done,  the  mean  ftate 
of  oxygenation  ;  that  indeed  in  which  it  is  ufuaily  found,  and 
for  which  t!ie  French  fchool  have  no  name  but  that  of  one  or  i 
othi-r  of  the  extreme  fiates,  which  muft  therefore  be  falfely 
applied.  The  term  epinitrous  air,  introduced  by  the  learned^ 
and  ingenious  Dickfon,  may  be  nfed  to  donate  what  Do6lor] 

'  Lavoificj,  p,  7i  aud  73. 

Prieftlev 
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Prieftley  called  dcphhgijVtcated  nitrous  air,  at  ieaft  until  its 
nature  is  better  developed. 

It  is  in  vain  that  the  authority  of  Bergman  is  invoked  to 
countenance  the  fiippreflion  ol'  the  antient  names  ©f  Glauber, 
Epfom,  &:c.  rcje6ling  only  the  oftentatious  additions  made 
to  fome  of  them,  as  J'al  admirabile  Glauberi,  &c.  4  Bergm_ 
p.  257.  It  is  true  he  atlirms  that  the  hejl  names  are  juch 
as  indicate  the  conipojition,  or  fome  ejjential  property ;  but  of 
this  fort  he  gives  no  example,  nor  rejetls  any  old  namc^ 
merely  on  this  account :  on  the  cnntrarv,  where  exprtfjlve. 
names  cannot  eafily  be  had,  he  tells  us  it  is  l^etter  to  apply 
fome  that  convey  no  determinate  expreflion,  p.  259  ;  and 
this  is  often  the  cafe  where  different  proportions  or  numerous 
ingredients  are  to  be  denoted. 

Hence  I  am  far  from  rejeiiling,  but  on  the  contrary  ap- 
plaud the  ingenuity  of  the  inventors  of  the  terminations  of 
at  and  ite  to  denote  the  different  proportions  of  oxygen  in 
the  acids  contained  in  different  compounds,  ^.i  fidphats,  Jul- 
phifesy  yiitrats  and  idfrites,  &c.  as  llich  ceneral  names  were 
undoubtedly  wanting,  and  the  old  fchool  afforded  none.  But 
the  welcome  admifliou  of  thefe  does  not  require  nor  imply 
the  difmiffal  of  fuch  of  the  old  as  were  ff.ultlefs,  and  enfran- 
chifed  by  prefer! ption. 

A  highlv  valued  friend  fuggefted  to  me,  tliat  the  ufe  of 
the  old  names  was  a  departure  from  the  fyfteni  on  which  the 
new  denominations  were  founded.  I  replied,  that  fyflems 
were  the  creatures  of  convenience,  and  fliould  be  adhered  to 
only  as  far  as  they  promoted  it;  nitre,  epfom,  borax,  &c. 
are  much  fhorter  (and  equally  well  known)  than  nitrated  pot- 
afii  or  fulphat  of  n^iagneUa;  and  Lavoifier  himfelt  prcferves 
the  name  borax ;  he  might  as  well  have  preferved  that  of 
epfom. 

The  fifth  rule  (very  properly)  laid  down  by  Morvcau  with 
refpedt  to  names  is,  that  they  fliould  be  adapted  to  the  genius 
of  the  language  ;  confequendv,  if  old  names  be  retained,  thev 
fhould  be  emploved  in  the  true  ufual  fenfe  of  their  own  fig- 
nification  in  that  language,  and  neither  extended  beyond  it 
nor  reftri«Sled  within  narrower  bounds :  on  this  ground  I  re- 
j€<3:  the  term  potajh,  employed  to  denote  the  vegetable  fixed 

alkali 
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alkali  in  Its  pureft  Hate;  for  that  name,  oih  in  Englifli  and 
French,  has  aKvays  denoted  an  impure  alk.iii ;  but  the  pureft 
alkaU  of  this  fort,  havjtig  been  formcrlv  denoted  by  the  name 
ni  fait  of  t(!rti:r,  a  name  certainly  improper,  1  fubftitute  in 
its  room  the  unexceptionable  name  turiarin,  which,  by  its 
athnitv  to  the  f  )rmer,  eafdv  fugi2;efts  its  fignitlcation,  and  i> 
jnoi cover  attended  with  a  fmooth  flouing  adjec^.ive,  tarlari- 
natcii,,  which  is  often  wanting.  F(>i  the  frane  reafon  I  rejeA 
the  name  ammonui  to  exprefs  the  volal'ilc  aikaU,  as  the  name 
trmmoniiic  lias  aKvays  been  employed  to  ejJpreis  the  combma- 
tion  of  avoiatiU"  alkali  vviih  an  acid,  and,  ii'no  particular  acid 
was  cxpreiTcd,  the  muriatic  was  undeidood  :  inUead  of  \ola- 
lile  alkali,  which  is  a  compound  den(;minaiion,  I  fubllitute 
i-ola^Ka!},  whofc  fignificntion  cannot  be  mifiaken.  Its  ad- 
]ertive  is  not,  indeed,  quite  fi-  h^pjy  :  inftc.id,  tlu^n,  of  voial- 
luli/iu/^  I  ufc  the  word  fui'igiruit.d,  v\ hicli  eafdv  inc)ic:nes 
the  lame  idea.  Theie  are  the  only  new  chemical  nances  I 
employ. 

The  tt-rm  oxide  is  aifo  uhfuiied  lo  our  language,  in  wldch 
it  na'turaliv  ex))reiTes  ihe  hnie  of  an  ox,.  In  pionimeiation 
the\-  car.u;)t  be  diii'ing'dnied  ;  in  its  ficad  I  woidd  ule  oxal  or 
cxidiity?.n<\  inilead  of  oxided  I  woulil  iubfutute  oxidated.  The 
application  of  cither  of  thcfe  terms  to  metallic  fubdanccs  in 
an  oxidated  liate  is  generaliy  fuperfiuous,  as  fuch  fubliances 
are  already  denoted,  and  known  under  the  name  o\'  metallic 
calces,  (juvion  *  has  lately  ]>roved  tiiat  diamonds  are  tlie 
purcit  carbon;  vet  furely  even  the  Freiu:h  fhool  will  not  at- 
tempt to  iiipprels  iliat  well-known  name,  and  exchanee  it  for 
carbon.  iV^itiKT,  I  fiipi)ofe,  will  they  call  cliareoal  an  oxide 
of  carbon,  though  provd  to  contain  fome  portion  of  oxygen; 
and  for  the  fame  reafon  I  (hall  not  exchange  the  well-known 
term  llumhago  for  that  f)f  carJuret  cf  iron,  though  with  re- 
fpcCi  to  fmiilar  compounds  of  oiher  metals  the  term  carburet 
flioul'l  be  employed. 

Tills  fyfteni  of  conciliation  the  rrench  fchool  rcjefts  with 

•  It  is  with  rnucli  rcgi :!  nnd  rciortance  I  mtrtion  this  geirJcmar.  under 
this  new  name,  as  he  was  gcncialiy  known,  ar.d  gaincfl  immortal  fame, 
under  that  of  Morvcaii  J  hence  I  Ihali  fti!l  ufc  this  in  rutoting  hi";  former 
works. 

difdain. 
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diltlain.  GiivUm  tells  us,  "  it  is  fo  uuich  more  tiitricult  to 
conceive,  as  it  is  an  evident  facrilice  of  principles  to  habit:^*;" 
as  if  the  ground  of  their  iVltem  of  non)enclalure  uere  uiiiver- 
ialiy  allowed,  and  afl'urdcd  rules  fo  Itrict  and  general  as  to 
enjoy  the  lingular  privilege  of  admitting  no  exception!  as  if 
there  was  no  fueh  thing  as  prins'iph-s  of  con-veincncf,  or,  \i 
there  were  fueh  ))rincipks,  that  they  were  to  be  facriljccd  to 
mere  fpeculative  truths  (if  truths)  of  much  lefs  imporlanee: 
a  truly  hard),  intolerant,  and  defpotic  maxim  !  as  ill  calcu- 
lated to  p(;int  out  the  molt  advantageous  road  to  Icicnce,  as 
the  maxim  that  a  llraight  line  fhould  always  be  followed, 
would  be  to  infurc  us  the  l>eli:  road  to  the  I'ummit  of  a 
mountain,  thouoh  prefenting  in  that  direction  a  feries  of 
fcabrous  and  abrupt  precipices;  and  hence  departed  from  i)y 
Lavoiller  himfelf,  as  we  have  fecn  in  the  inftances  o\' fait  pel  rz; 
and  Iforax,  and  indeed  by  the  whole  French  fchool  in  thi; 
inftances  of  lualcr  and  diamonJ,  as  already  mentioned  :  for 
common  lenfe,  in  fome  inftance  or  other,  feldom  f;!ils  of  af- 
fcrting  its  rights :  yet  Lavoifier  tells  us  he  was  ccnfured  (by 
fome  chemical  bigots)  for  this  condcfccniion.  The  principles 
of  religion  and  juftice  are  the  only  that  can  in  no  poliibie  cafe 
yield  to  conveniencv. 

Among  many  jull  rcfleclions  that  occur  in  the  preface 
to  Lavoifier's  celebrated  elementary  treatife  of  ehemiltry, 
there  are  fome  connected  with  this  fubjecl  that  appear  to 
me  not  quite  correct.  Thus,  p.  x.  (of  the  original)  he  tells 
us,  "  that  the  only  way  of  avoiding  ihefe  errors  (unfounded 
hypotheies)  is  to  fupprefs  reafoning,  or  at  leaib  to  liniplify 
it  as  much  as  poliibie,  as  it  proceeds  from  us,  and  can  alone 
lead  us  aftray  ;  to  try  it  alwavs  by  the  teft  of  experiment,  to 
preferve  only  the  facls,  which  are  the  data  given  by  nature, 
and  which  cannot  deceive  us ;  to  feek  for  truth  only  in  the 
natural  concatenation  of  experiments  and  obfervations,  as 
mathematicians  arrive  at  the  folution  of  a  problem  by  the 
liniple  arrani:ement  of  the  data,  8cc."  From  this  paragraph 
we  might  be  led  to  conclude  that  all  reafoning  fliould  be  ba- 
nilhed  from  chemical  inveftigation,  or,  at  leaft,  that  only  the 
iimplefl  ihould  be  admitted  j  yet  it  may  eafily  be  fliown  that 

*  Aon.  Cbem.  XXV.  p.  207. 
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the  mofl:  fignal  inftances  of  fuccefsful  chemical  Inveftlgatton 
in  the  obfcureft  fubjecils,  and  the  happiell  difplay  of  chemical 
fagacity,  are  the  reuilts  of  very  complicated  reafoning.  Such 
is  Berthollet's  theory  of  aqua  regia,  Berthollet  and  Welter's 
obfervations  on  hepatic  air,  Fourcroy's  on  hepatic  waters, 
Vauquelin's  theory  of  the  mutunl  decompofition  of  nitrous 
air  and  the  folution  of  vitriol  of  iron  *,  mod  of  Scheele's  and 
many  of  Klaproth's  analyfes,  and  a  few  others. 

The  juft  arrangement  to  which  mathematicians  owe  the 
^afy  folution  of  their  problems,  is  itfelf  the  refnlt  of  profound 
reafoning,  as  is  evident  in  the  formation  of  equations.  But 
the  modes  of  reafoning  employed  in  the  folutions  of  mathe- 
matical and  chemical  problems  cannot  properly  be  compared, 
the  former  being  founded  on  the  relation  of  identity  or  equa- 
lity, and  the  latter  on  that  of  caufc  and  clfecl. 

Page  vi.  he  tells  us,  *'  it  is  the  feries  of  fafts  that  confti- 
tutes  leience."  I  (hould  rather  fay,  it  was  a  knowledge  of 
the  relation  that  fubfirts  between  the  fa6ls  that  occur;  but 
neither  the  fa<Sls  themfelves  can  often  be  difcovered  withoirt 
much  iubtile  reafoning,  nor  can  they  be  marflialled  in  a  lu- 
minous feries  without  difcpvering  the  reciprocal  relations  of 
the  component  ingredients  of  compound  fubftances  to  each 
other;  a  difcovery  which  often  requires  anr  elaborate  train  of 
reafoning. 

Laftly,  both  he  and  Morveau  tell  us  that  the  memory  of 
learners  is  lingularly  relieved  by  compound  denominations 
exprefling  the  component  ingredients  of  each  compound. 
In  reply  to  which,  I  fay,  that  the  fcicnce  is  not  to  be  charged 
with  a  cumberfome  train  of  words  merely  to  gratify  the  indo- 
lence of  beginners.  Are  we  then,  on  everv  occafion,  to  fub- 
ilitute  the  definition  of  words  for  the  words  themfelves  ?  Are 
we,  in  imitation  of  the  Germans,  to  fay  a  handjhoe  inftead  of 
a  glove  P  Hclvetius  has  long  fince  remarked,  that  every  man 
©f  common  underflandiiig  pofleflcs  fufiicient  power  of  memorj* 

♦  All  foreign  chemifti  are  infinitely  obliged  to  him  for  givin<;  the  old 
denominations  of  weights  ami  mfafurcs  inftead  of  centimetres,  Src.  Che- 
miftry  aims  at  eniiglitenir.g  the  world,  and  not  Frenchmen  alone ;  it 
Ihouid  therefore  fpeak  a  langoagc  tiniverfally  underftood,  and  Ihake  off 
fhe  yoke  of  national  pedantry. 

to 
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lo  retain  the  fignifitition  of  nioft  words  in  his  own,  and  ofien 
of  ihofe  of  fevcral  other  languages  :  chcniiliry  and  mineralogy 
together  fcarcely  prefcnt  two  hundred  appertainino-  to  them 
alone;  neither  the  faiences  of  aftronomy,  law,  or  medicine, 
afford  fewer. 

The  fafliionable  rage  of  coining  new  words  from  the  Greek, 
'without  any  necc[JilY,  has  been  pariicularly  baneful  to  mine- 
ralogy, infomuch  that  foreigners,  though  well  acquainted  with 
the  received  terminology,  cannot,  without  being  verfed  in  that 
language,  undcrftand  the  meaning  of  the  new-fangled  terms 
lately  introduced.  It  is  well  known  that  the  mineralogical 
knowledge  of  all  Europe  is  chiefly  derived  from  the  Germans 
and  Swedes,  wliofe  nomenclature  is  in  moft  inftances  the 
fame,  and  where  anv  ambiguity  has  arifen  it  has  been  re- 
moved  bv  the  exertions  of  Werner.  His  nomenclaturcj 
where  not  too  difcordant  with  the  language,  or  at  open  va- 
riance with  the  received  technical  names  of  other  countries^ 
fliould  therefore,  for  the  fake  of  precifion  and  unifomiity,  b* 
imlverfallv  preferved. 

Abbe  Haiiv,  who  is  now  preparing  a  treatife  of  minera- 
logy, of  which  the  higheft  eXpeftaitions  are  juftly  entertained, 
fnice,  in  addition  to  his  own  fuperior  intelligence  and  pro- 
found phyfical  knowledge,  he  is  affided  with  the  chemical 
abilities  of  Guyton,  Vauquelin,  Dcfcotilles,  and  many  others> 
and  the  extenfive  refcarches  of  Dolomieu,  feems  convinced 
of  the  propriety  of  retaining  the  received  terminolocr\-,  at  leall 
for  the  prefcnt,  with  the  limitations  and  reftriftions  above 
mentioned  ;  for,  in  his  prefatory  dilcourfe.  Journal  des 
Wines,  XXVII.  p.  224,  he  tells  us,  "  that  with  rcfpe6l  to 
minerals  of  the  firft  clafs  (that  is,  confifting  of  mere  earths), 
he  left  them  thofc  names  which  they  had  hitherto  borne,  and 
did  not  take  the  liberty  of  impufing  new  ones,  except  in  cafes 
of  necelnty,  as  where  a  new  fpecies  occurred,  either  forinerly 
unknown,  or  confounded  with  one  of  a  different  nature.  We 
have  altered  fuch  names  only  as  were  intolerablv  ambiguous." 

Yet  after  this  declaration  we  find  the  foltowing  new-coinod 
names : 

Tchjia,  for  oriental  rubies,  fapphires,  and  topazes.  Thus 
fapphirc  is  called  blue  telejla,  &c. — Cjinopkarte,  for  the  chry- 

VoL.  VIU.  E^i      '  '  foberil 
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^oberil  of  Werner. — Amplnholc  for  crvftallifed  hornblende.— 
jyroxent',  alfo  cryrtallifcd  hornblende  j  at  lead  I  have  reafoii 
to  think  fo,  for  of  the  eleven  external  charafters  of  both, 
given  by  La  Melherie,  there  is  only  one  in  which  they  ab- 
folutely  ditfer,  that  is,  the  eleftrieal. — Sfamof'ule  for  Ilauro- 
lite,  the  name  very  properly  impofed  by  La  Metherie  inftead 
of  the  compound  name  it  bore  before. — ylx'unte  I  believe  to 
be  only  a  variety  of  thumerflein. — Ati'inoic  for  a6linolite,  the 
termination  hie  mod;  properly  denoting  a  (lone. — Thallite  for 
delphinite,  the  name  already  given  it  by  SaulTiire. — Idocrafe 
feems,  as  I  conjecture  (feeing  no  exa6l  account  of  it),  a  va- 
riety of  olivin* 

I  pafs  over  feveral  new  names,  as  eiiclafe,  dioptafe,  cha- 
hajie,  &c.  as  they  may  poffibly  denote  new  fpecies,  which  I 
wifli  were  fettled  in  oonjun6tion  with  Berthout  or  Van  Buch, 
or  fome  of  the  Wernerian  fchool.  Yet  even  thefe  denomi- 
fiations,  we  are  told,  are  only  pro-v'ijional,  being  hereafter  to 
be  altered  as  analyfes  may  require. 

I  mud  here  add,  by  way  of  note,  that  C.  Guyton,  i,n  re- 
viewing the  firft  volume  of  my  Mineralogy,  Ann.  Chem. 
p.  105  and  106,  has  fallen  into  two  mi(takes,  which  I  am. 
perfuaded  his  candour  will  prom])t  him  to  acknowledge.  The 
lirfi;  is,  in  dating  that  my  experiments  on  the  fufibiiity  of  dif- 
ferent Hones  and  earths  were  made  in  limeftone  veflTels, 
whereas  they  were  in  Ileffian  crucibles.  The  fecond  is,  in 
ftating  the  alleged  infulibility  of  barytic  earth  and  lime  as 
the  rel'ult  of  my  experiments,  whereas  I  exprefsly  quoted 
Lavoifier,  having  mylelf  made  no  experiments  on  fucli  mix- 
lures.  (See  Mem.  Par.  1783,  p.  599  and  600.)  Other 
writers  have  fre(]uently  imputed  to  me  miftakcs  of  Bergman, 
lh(5ugli  I  exprefsly  quoted  him. 


m.  A 
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III.  A  brief  Exatn'tna/ion  of  the  received  Dodrhics  refpe£llng 
Heat  or  Caloric.  By  Alexander  Tilloch.  Raui 
before  the  Ajkejhin  Socierj,  December  1799. 


I 


[C<n.!udod  from  Page  126.] 


SHALL  now  endeavour  to  prove  that  the  pofition  wliich 
maintains  that  "  heat,  when  in  chemical  union  in  bodies, 
cannot  be  made  to  manifed  itfelf  l)ut  by  the  action  of  fome 
new  chemical  affinity,  does  not  hold  univerfalJy,  and  there- 
tore  may  fairly  be  queftioned. 

Gafes,  as  every  one  knows,  are  formed  by  the  folution  of 
certain  bafes  in  caloric.  (Wliethcr  light  be  alfo  an  ingre- 
dient, or  whether  light  be  a  modification  of  heat,  or  lucc; 
I'erfa,  affects  not  the  prefent  argument.)  The  bafe  or  bafes, 
and  the  caloric,  are  chemically  united,  and  therefore  the  ca- 
loric, according  to  the  received  doclrinc,  is  latent  in  the  gas; 
it  is  not  cognifable  by  any  external  Jign  or  orgaji  of  fenje.  I 
Ihall  not  Hop  to  infilt  here  upon  the  large  incrcafe  of  volume 
acquired  by  the  bafe  fo  diflulved — an  incrcafe  cognifable  bv 
our  organs  of  vifion,  and  aUo  tangible  if  the  gas  be  received 
in  a  bladder,  having  already  ufecl  a  fimilar  argument  whea 
fpeaking  of  the  converfion  of  water  into  lleam — but  proceed 
to  obferve  that  this  chemically  combined  calori:  may  be,  par- 
tially at  lead,  fcparated  froni  its  bafe  hv  means  mcnlj  nicr 
chanical. 

To  fuppofe  that,  any  body  can  by  mechanical  force  he  re- 
duced into  a  fmaller  compafs  without  any  portion  of  its  ori- 
ginal ingredients  lieino-  ihereby  driven  outof  tb.e  mafs,  uould 
bean  abfurdiiy.  When  we  attempt  to  con^Drefs  in  a  metallic 
vefll'l,  of  a  known  capacity,  a  quantity  of  any  gas  equal  in 
volume  to  twice  that  capacity,  we,  by  the  mechanical  force 
employed  wiil\  that  view,  abfolutely  caufe  a  portion  of  one  of 
the  ingredients  in  the  comnontion  of  the  gas  to  jiercolalc 
through  »lic  materials  of  which  the  vclTel  is  made  (every  iub- 
fiance  in  nature  being  pervious  to  heat).  That  ingredient, 
that  fubflance,  is  heat.  The  vellel  in  this  cafe  performs  the 
office  of  a  filter,  fufferir.g  the  heat  to  pafs,  but  keeping  back 
the  other  ingredients  3  and  the  (juantity  oi  heat  pafiedoffin 
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this  cafe  will  be,  if  denominated  by  its  volume,  exaUly  of  the 
hulk  of  t'e  capacity  of  the  vcffel.  If  the  veflel  has  been 
charged  with  a  quantity  of  gas  equal  in  bulk  to  three  times 
its  own  capacity,  the  heat  forced  out  will  be  equal  in  bulk  to 
twice  that  capacity ;  and  fo  of  any  other  proportion  of  charge. 

Here,  then,  the  fame  cffciSl  takes  place  as  when  we  con- 
fine fleam ;  the  means  are  mechanical  in  bov.h  ;  the  heat  is 
fqueezed  out  through  the  fides  of  the  veflel  by  the  force  em- 
ployed, as  water  is  fqueezed  from  a  fpunge  by  preflbre  ap- 
plied to  it.  Was  the  water  in  the  fpunge  of  a  different  na- 
ture before  and  after  being  exprefl'ed,  firft  latent  and  then 
fenfible  ?  If  it  would  be  abfurd  to  fav  fo,  why  fliould  v/e  fup- 
pofe  heat,  when  diflodged  by  fimilar  means,  to  have  under- 
gone any  change  as  to  its  nature,  and  to  have  been  latent 
before  but  fenfible  after?  meaning  thereby  that  its  chara6ler- 
iflic  properties  were  different  before  and  after  the  procefs. 

But  have  we  any  experiments  that  prove  heat  to  be  ad^ually 
fcparated  by  mechanical  force  from  fubflances  in  which  it  is 
held  to  be  latent  or  in  chemical  union  P  When  the  condeiifer 
of  an  air-gun,  or  any  other  proper  veird,  is  charged  with 
more  than  one  atmofphere,  the  materials,  as  the  procefs  goes 
on,  become  of  a  higher  temperature  than  the  furrounding 
^bodies*,  and  heat  is  given  off  to  them.  This  fliows  that 
heat  is  expreflcd  from  the  contained  air;  and  that,  not  being 
able  to  pafs  freelv,  but  forced  to  pafs  more  or  Icfs  flowly, 
according  to  the  conducting  power  of  the  materials  of  the 
veffel,  it  is  partially  accumulated  in  the  materials,  and  then 
from  them  paffed  oiT  to  furrounding  bodies  to  reflore  equiliv 
brium  according  to  the  general  law. 

If  the  wall  of  feparation,  which  forces  the  confined  gas  to 
remain  charged  with  a  fmaller  quantity  of  heat  than  its  con- 
ftitution  would  permit,  but  for  the  violence  employed,  be 
removed,  what  takes  place?  The  gas  inflantly  feizcs  upon 
a  portion  of  the  caloric  employed  in  maintaining  the  common 
temperalure  of  the  furrounding  bodies,  (ittcd  to  its  own  ca- 
pacity in  its  unreftrained  ftate,  and  in  confequence  refumes 
its  original  volume.     This  plainly  appears  to  be  the  cafe, 

•  Sec  Dr.  Darwin's  piper  on  this  fubjc^t,  riiilofophical  Tranf;i(!:'tions 
fpr  1780. 
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for  any  fubftance  placed  before  the  cock  when  it  is  opened 
is  reduced  in  temperature.  Water  fo  placed  will  even  be 
converted  into  ice,  in  confequence  of  a  portion  of  its  heat 
being  violently  feized  upon  by  the  gas,  and  more  quickl)^ 
taken  into  union  with  it  than  the  privation  experienced  by 
the  water  is  compen fated  for  by  furrounding  bodica  in  the 
paflagc  of  caloric  from  thera  to  reftore  the  equilibrium. 

I  am  aware  that  it  may  be  objeiSled  againft  this  experiment, 
indeed  I  have  heard  the  objection  offered,  that  the  friftion  of 
the  forcing  fyringe  mull  excite  or  accumulate  a  confiderable 
portion  of  heat  in  the  materials  of  which  it  is  made ;  that 
ihc  air,  pafling  inftantly  from  it  into  the  condenfing  ball, 
mufl  necefTarily  carrv  a  portion  of  the  heat  along  with  it, 
having  no  intermediate  bodies  to  come  in  contaft  with ;  and 
that  therefore  we  have  no  evidence  of  heat  being  in  this  cafe 
exprefled  from  the  comprelied  air. 

Some  force  might  be  allowed  to  this  objeftion,  if  the  air, 
when  liberated,  had  no  elTedt  in  reducing  the  temperature  of 
the  bodies  expofcd  to  it;  but,  as  it  has  tlie  power  of  taking 
from  them  a  portion  of  their  heat,  and  of  reducing  them  below 
the  common  temperature,  the  objettion  falls  to  the  ground. 
for,  if  the  heat  found  to  be  accumulated  in  the  materials  of 
the  condensing  ball  was  only  a  confequence  of  its  containing 
air,  made  hot  by  fajfmgjrom  a  cylinder  heated  by  friuiion^  the 
air  when  liberated  ihould  blo-v  hot,  and  ra'ife  the  teniperaure 
of  the  bodies  expofed  to  the  ftream  inftead  of  lowering  it,  as 
we  find  it  does.  The  rcafonlng  here  is  conclullve,  but  any 
perfon  may  alfo  have  the  evidence  of  a  direcl  experiment- 
Expofe  the  ball  of  an  air-gun,  charged  only  with  one  atmo- 
fphere,  to  the  heat  of  a  common  fire  till  the  temperature  of 
the  ball  be  raifed  a  few  degrees  :  the  contained  air  will  now 
be  in  a  fituation  to  expand  itfelf  as  foon  as  the  valve  is 
opened;  for  we  know  that  the  air  has  been  heated  by  the 
ball.  Expofe  a  thermometer  to  the  aperture  as  the  air  efcapes, 
and  the  thermometer  will  indicate  an  increafed  temperature. 

I  have  heard  fome  objecl  to   the  inference  from  a  con- 

flenfing;  ball  being  heated  when  charged,  by  queftionino-  the 

idS.,  for  "  they  have  often  applied  their  hand  to  it  without 
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perceiving  any  fuch  efieft."  It  may  be  true  that  a  (Ficl  ball 
of  Iniall  capacity  will  not  give  any  fcnfible  indication  of  heat 
/o  a  ha/iJ  i\]-)\-j]\i^l\  to  it,  or  even  to  a  (luggilh  thernionietcr, 
which  can  only  touch  it  in  one  point ;  tor,  where  a  large 
mufs  o'  materials  is  ready  to  receive  the  heat  as  it  is  expreffed 
from  the  air,  the  elTcft  may  not  be  immediately  obvious :  it 
would  be  a  long  time  before  a  large  piece  of  ordnance  could 
be  made  fcnfibly  hotter  by  applying  the  flame  of  a  taper  to  it, 
but  who  would  therefore  deny  that  heat  has  paffed  into  the 
metal?  Inftcad  of  applying  their  hands  to  the  condcnfing 
ball,  let  them,  as  before  dated,  place  a  thermometer  in  the 
itream  of  tlie  air  when  liberated,  and  they  may  receive  com- 
plete evidence  that  the  air  demands  a  portion  of  caloric  to 
bring;  it  into  equilibrium  witli  the  furrounding  bodies,  which 
could  not  poflibly  be  the  cafe  if  it  had  not  previoully  fuffefed 
foUK'  privation. 

I  iiiall  lure  bricflv  ftate  the  refults  of  an  experiment  under- 
taken for  the  exprefs  purpofc  of  afcertaining  whether  there 
had  been  any  mifiake  in  the  h&a  reported  by  others  refpect- 
inj:  the  phienomena  \\'hieh  accompany  the  comprcffion  of 
air  ■■■'. 

By  means  of  a  powerful  fvrlnge  A,  Plate  VI.  fig.  i. 
(23  inciics  long  and  2  infidc  diameter)  made  faft  to  one  end 
of  a  table  and  to  ihe  floor  of  the  room,  the  veflel  B,  con- 
flructed  of  tinned  copper,  and  made  taft  to  the  other  end  of 
the  table,  was  charged  with  as  much  air  as  could  be  forced 
into  it  by  the  (Irength  of  one  man.  The  temperature  of  the 
room  was  59".  By  the  condcniation  of  the  air,  the  thermo- 
meter C,  introduced  into  a  tube  foldered  into  the  veHel  B 
(and  open  at  its  exterior  extremity),  v. as  raifed  fcven  de- 
grees. On  expofmg  the  bulb  of  another  thermometer  to 
the  orifice  of  the  cock  D,  which  was   then  opened  to  dif- 

'  For  the  cxecvition  of  this  experiment  I  am  indebted  to  the  London 
Philofophital  Society.  H;ivin<^  ftatcd  to  that  Society  the  f-ift,  which  I 
wiHicd  to  fee  afcertuiilcd,  the  fubjedt  was  taken  up  with  that  alacrity  and 
■*ca'.  whi^'h  charaiSVerifes  all  its  proreedings.  The  apparatus  was  prepared 
\>v  Mr.  Varley,  experimenter  to  that  inllitution,  and  the  experiment  was 
wiadc  in  the  prcfcncc  of  the  Society  on  the  18th  of  November  1799. 

charge 
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charge  the  air,  that  thennonicter  funk  to  nine  dogrccs  below' 
the  tem[)eraturc  of  tiie  room,  or  {i.\tccn  degrees  below  the 
point  to  which  the  other  had  been  raifed  by  tl  :■  cxprelled 
heat. 

It  cannot  be  urged  that  in  this  experiment  the  air  pafTeJ 
immediately  from  the  fyringe  into  the  air-vefiel,  for  it  had 
to  traverfe  a  tube  interpoled  between  them  of  about  four  feet 
In  length. 

Now,  when  it  is  confidered  that  the  thermometer  was  in 
contadl  with  the  veflel  B  in  only  one  minute  point  (for  the 
tube  in  which  it  was  infertcd,  and  againft  the  fide  of  which 
the  bulb  refted,  was  more  than  three  times  the  diameter  of 
the  bulb),  and  that  the  whole  furface  of  B  was  above  '50 
fquare  inches;  and  when  it  is  alfo  recollected  that  only  a 
fmall  portion  of  the  efteft  which  the  air  ifluing  from  D  was 
capable  of  producing  could  manifefl.  itfelf  by  means  of  the 
thermometer  expofed  to  its  ailion  (as  the  thermom.eter  was 
obliged  to  be  kept  at  fome  diftance  to  prevent  its  being 
broken  by  the  difcharge  of  the  air);  fome  idea,  though  not 
an  adequate  one,  may  be  formed  of  the  mafs  of  heat  that 
mull  have  been  thrown  oft^  from  the  whole  furface  of  E  in 
the  procefs  of  chafing  that  veflel  '''■. 

"    ^  The 

••■■  Subfequcnt  to  the  delivery  of  the  prefcnt  piper  to  the  Society,!  received 
Mr.  Mufhet's  interefting  communication,  which  was  aftcnvards  i  'lertetl 
in  the  Pliilofophical  Magazine  for  February  iSoo.  It  contains  fome  cu- 
rious facts  which  couiirm  and  illuftrate  the  remits  obtained  fronr.  this  ex- 
periment. Speaking  of  the  effefts  produced  in  the  blaft-furnace  by  tlie 
nature,  comprefTion,  and  velocity  of  the  air  ufed,  he  obferves  that  the  com- 
prcfTion  always  occafions  an  incrcafe  of  tcmi-eraturc.  On  entering  a  blow- 
ing cylinder  immediately  after  flopping  the  engine,  he  finds  the  thermo- 
meter rife  from  15"?  to  i7|'  higher  than  the  furrouuding  atraofphcre.  A 
thermometer  held  in  the  niit'.dle  of  the  current  of  blaft  was  found  to  be 
seduced  below  the  common  temperature  as  much  as  the  cyHnder  was 
raifed  above  it.  In  fome  cafes,  when  the  common  temperature  is  about 
54^,  the  blaft,  as  i:  ilTues,  will  fink  the  thermometer  2°  or  3*  below  the 
freezing  point. 

He  ftates  another  fact  (fee  alfo  Mr.  Roebuck's  paper,  rhilofophical 
Magazine,  Vol.  VI.  p.  324.),  which  completely  does  away  every  idea  of 
any  part  of  the  effett  being  derived  from  friction.  At  fome  iron  works 
ak-vawlts  of  from  fco^cooto  70,000  cubical  feet  incoritent  are  employed  for 

the 
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Tilt'  rcfults  obtai'.ied  by  the  preceding  experiment,  though. 
only  a  fmall  part  of  the  eftect  could  be  appreciated,  are  fuffi- 
cient  to  ascertain  the  fatl  it  was  meant  to  eltabliili — that  the 
doctrine  which  aflerts  heat  to  exift  in  a  latent  ftate  in  the 
atuiofphere,  and  confequently  to  be  not  fej^arable  from  it 
without  a  chemical  decompofition  of  the  air,  cannot  be  true, 
otherwife  mechanical  prefliire  and  chemical  decompofition 
mean  the  fame  thing,  which  the  advocates  for  the  exiftencc 
of  heat  in  two  diftincl  dates  will  hardly  maintain. 

But  the  effe£l  would  be  much  more  ftriking,  and  the 
quantity  of  heat  could  even  be  comparatively  eftimated  by 
employing  in  the  experiment  fuch  an  apparatus  as  would 
enable  us,  in  fome  meafure,  to  intercept  the  heat  as  it  pafles 
off  from  the  whole  furface  of  the  air-holder,  and  accumulate 
it  in  fome  liquid. 

After  thinking  on  various  contrivances,  with  this  view,  a 
method  of  conllruAing  fuch  an  apparatus  occurred  to  me,  a 
defcription  of  which,  though  I  have  not  yet  had  time  to  carty 
it  into  execution,  I  beg  leave  to  lay  before  the  Society. 

Dt'fcrlption  of  a   Gafo-  Calorimeter. 

The  gas-holder  A,  %.  2.  of  any  capacity,  fay  a  quart,  con- 
ftrufted  of  tinned  copper  or  anv  other  metal,  well  foldered 
and  riveted  at  the  joinings,  Ihould  be  made  double,  or,  in 
other  words,  the  velTel,  properly  called  the  gas-holder,  (liould 
be  covered  with  another  of  the  fame  (hape  made  of  thin  metal, 
(as  tinned  iron)  in  fuch  a  manner  that  the  two  may  not 
touch  each  other  except  at  the  lower  part,  where  they  are 
fitted  on,  and  foldered  fad  to  one  common  collar.  By  this 
means  a  fpace  is  left  between  the  exterior  furface  of  the  gas- 
holder and  the  interior  of  the  cover,  to  be  tilled  with  a  fluid 
for  the  purpofe  which  (hall  immediately  be  ftated.  The  in- 
terior vefl!el,  which  is  to  receive  the  gas,  is  open  at  the  collar, 
and  into  this  collar  is  fitted  the  cock  B,  made  of  glafs,  be- 
caufe  of  the  mercury  to  be  employed  in  the  experiments,  and 

the  purpofe  of  e  jual'fing  the  biaft.  In  thefe  the  increafc  of  tcrr.pcratnrc 
is  more  fe:  fi  )lc  than  in  the  blou-ing  cylinder.  Ir  tdkts  place  at  a  con- 
fidcTibie  diltdnce  from  any  mechanical  fii£lion,  atnd  is  tlitrcforc  evidently 
pro4.:cri  hy  iiL'at  txtiicaied  trom  the  sir, 

for 
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for  the  convenience  of  feeing.  The  exterior  veflll  has  an 
opening  at  the  top  C,  into  which  is  fitted  a  glafs  tube  CD. 
Through  this  tube  (or  before  fixing  the  tube  in  its  place)  fill 
the  fpace  between  the  interior  and  exterior  veflel  with  any 
coloured  liquid. 

If  this  double  veflel  be  now  filled  with,  and  immerfed  in, 
Warm  water,  it  is  plain  that  the  heat  thus  communicated  to 
it  will  expand  the  coloured  liquid  contained  between  the  in- 
terior and  exterior  fui faces,  and  make  it  rife  to  fuch  a  height 
in  the  glafs  tube  as  fiiall  correfporid  to  the  temperature  of  the 
water  in  which  it  is  immerft-d.  By  employing  water  of  dif- 
ferent temperatures  the  different  degrees  of  heat,  as  afcer- 
tained  by  an  accurate  thermometer,  may  be  marked  upon  the 
tube,  or  on  a  fcale  attached  to  it ;  and  thus  the  veffel  itfelf 
\vill,  in  fatl,  become  a  large  hollow  thermometer. 

To  the  lower  end  of  the  cock  B  attach  another  veflel  E, 
made  of  cafi:  iron,  furniftied  with  two  other  cocks,  a  and  ^, 
and  connefted  with  the  vertical  tube  FG,  made  of  iron  (a 
feries  of  gun  barrels  properly  joined  to  each  other)  or  of  glafs, 
fecured  by  a  cafe  of  wood,  with  cement  interpofed  between 
it  and  the  dafs. 

O 

Provide  alfo  a  veflel  of  the  fame  capacity  as  the  internal 
dimcnfions  of  the  gis-holder  A.  This  veffel  may  be  called 
the  meafure. 

From  the  above  (hort  defcriptlon  the  conftruftion  of  the 
gafo-calorimeterj  its  ufe,  and  the  way  of  operating  with  it, 
may  be  eafily  conceived. 

Open  the  cocks  a  and  F,  and  pour  mercury  into  the 
funnel  at  G.  It  will  rife  in  K,  driving  the  air  before  it, 
which  will  efcape  by  the  cock  a.  Having  in  this  way  filled 
the  veflel  E  with  mercury  up  to  the  cock  B,  (but  the  cock  F, 
place  the  meafure  before  mentioned  belov^r  the  cock  ^,  and 
by  that  cock  draw  off  one  meafure  of  the  mercury.  It  is 
obvious  that  by  fo  doing  one  meafure  of  air  will  at  the  fame 
time  pafs  into  E  through  the  cock  a  *.  The  cocks  a  h  being 
now  fliut,  pour  mercury  into  the  tube  FG  to  any  convenient 
height;  open  the  cock  B,  and  then  the  cock»F.  The  mea- 
•  Any  other  gas  may  be  intrcduccd  by  conne<^.;Rjj  ?his  cock,  with  a 
pneumatic  apparatus. 
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,fure  of  air  contained  in  the  veflel  E,  having  now  no  way  t^ 
efcape,  will,  by  the  afcentof  the  mercury  in  E,  be  forced  to 
pafs  through  the  cock  B  into  the  gas-holder  A.  As  foonas 
.this  is  perceived,  by  the  mercury  {bowing  itfelf  in  the  glafs 
cock  B,  fhut  that  cock. 

,  ,The  gasT.holder  will  thus  become  charged  with  two  atmo- 
fpheres,  and  that  in  a  way  fo  expeditious  as  to  allow  bivt 
little  time  for  the  efcape  and  lofs  of  caloric,  efpecially  if  the 
tube  FG  be  of  large  diameter,  and  if  the  veflTel  E  have  been 
previoufly  lined,  and  the  velTcl  A  covered  over  with  fome 
bad  condu6lor  of  heat.  The  expreffbd  heat  muft  then  pafs 
through  the  fides  of  the  gafo-calorimeter,  and  there,  exer- 
cifing  its  a£lion  on  the  interpofed  thcrmoraetric  fluid,  muft 
make  it  afcend  in  the  tube  CD  to  a  height  proportioned  tc> 
the  heat  thus  communicated  to  the  fluid  \ 

Another  atmofphere  may  be  introduced  by  fiiutting  the 
cock  F,  opening  a  and  b,  and  withdrawing  another  meafure 
of  mercury  as  before,  and  then,  by  mercury  poured  into  GF, 
making  the  air  to  afcend  into  A,  in  the  manner  already  de- 
fcribed  f.  Then  note  again  the  height  to  which  the  ther- 
mometric  fluid  rifes  in  CD;  and  fo  of  a  fourth  or  a  fifth 
atmofphere  ;  obferving  that  the  height  of  the  column  of  mer- 
cury in  FG  muft  always  be  proportioned  to  the  number  of 
atmofpheres  to  be  introduced. 

The  quantity  of  coloured  fluid  contained  between  the  ex?- 
terior  and  interior  of  the  doui)lc  veflcl  A,  fliould  be  deter- 
mined by  weighing  the  quantity  introduced  before  gradu- 
atinor  the  tube  CD.  By  this  means  it  will  be  poflfible  to  de- 
termine not  merely  how  many  degrees  the  heat  exprcflTcd  from 
the  air  raifes  the  fluid  in  the  tube  CD,  but  to  how  many 
ounces  of  the  fluid  it  communicates  that  degree  of  tempera- 
ture.    The  weight  of  the  materials  of  which  the  double  vcflel 

*^  As  mercury  is  found  to  be  a  good  conduftor  of  heat,  it  would  be 
advifable  to  have  a  little  oil,  or.fomc  other  liquid,  in  the  vefTel  E,  before 
the  firft  introduftion  of  the  mercury.  The  oil  would  rife  on  its  furface, 
ai\d  the  interpofed  ftratum  rifmg  with  the  mercury  prevent  its  contaftwith 
the  air  driven  before  it  into  tlie  vcfTcI  A. 

f  Or  two  or  more  atmofpheres  may  be  forced  up  at  once,  if  the  vefTel  E 
be  made  of  luHicicnt  capacity. 

is 
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is  macTc,  nionlcl  be  aHo  dcterniinedj  that  it  may  be  known 
bow  many  ounces  or  poimub  of  iiictal  have  ailo  been  heated 
to  the  fame  degree. 

The  converfe  may  be  exhibited  bv  the  fame  apparatus  by 
<L  different  mode  of  operating.  Detach  the  vellel  A  f r  -m  ihe 
velTel  E;  invert  it,  and  fiil'it  with  water,  nrevioufly  deprived 
of  air  bv  boiling  or  by  the  air-pump,  and,  having  (but  the 
cock  B,  again  invert  it  and  join  it  to  the  vefTel  E.  Fill  the 
latter  with  mercury  in  the  manner  that  has  been  already  de- 
fcribed,  and  to  the  cock  h  adapt  an  iron  tube,  of  31  or  3CI 
inches  in  length,  to  dcfctnd  vertically  into  a  bafon  of  nier-' 
cury.  If  the  cocks  B  b  be  now  opened,  all  the  others  being 
flnit,  mercury  will  dcfcend  from  E,  through  the  tube  fitted 
to  b,  into  the  bafon  in  which  the  lower  extremity  of  the  tube 
is,  and  the  water  will  pafs  from  A  into  E,  leaving  a  vacuum 
in  A.  When  the  water  has  all  pafled  out  of  xi,  fhut  the 
cock  B. 

h  one  atmofphere  be  now  introduced  into  E,  and,  the 
cocks  a  and  b  being  fliut,  be  comprefled  into  a  half,  a  fourth,' 
or  a  Hfth  of  its  origiuc^l  volume,  by  means  of  a  proportionate 
column  of  mercury  in  the  tube  FG,  heat  will  he  exprefTed 
from  the  air,  which  muft  pafs  off  through  the  (ides  of  the 
veflcl  E.  Allow  the  apparatus  to  ftand  for  fome  hours,  till 
every  thing  connecled  \\'\\.\\  it  has  come  to  the  common  tem- 
perature. Then  open  the  cock  3,  and  the  comprelfed  air, 
finding  itfelf  at  libertv,  will  pafs  up  into  the  vacuum 
'in  A,  where  it  will  find  fpace  to  expand  itfelf  to  its  natural 
volume,  the  quantity  employed  being  one  meafure,  or,  in 
other  words,  equal  exaftly  to  the  capacity  of  A.  The 
mercury  flif)uld  alfo  be  allowed,  by  opening  the  cock  F,  to 
afcend  till  it  reach  the  cock  B.  But  the  air,  in  refuminsr 
its  original  volume,  will  demand  heat  from  the  materials  of 
which  A  is  conllrufted,  and  from  the  thermometric  fluid' 
of  A,  fafter  than  they  can  receive  it  from  the  atmofphere  and 
contiguous  bodies,  cfpcciallv  if  defended  by  a  covering  made 
of  a  bad  conducting  fubltance;  and,  as  a  neceffarv  con- 
fequence  of  this,  the  thermometric  fluid  will  fall  in  the 
tube  FG. 

If  heat  be  thus  dete'6:ed  palling  from  or  into  air  by  mere 
F  f :?  -  preffure. 
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prelTure,  or  the  contrary,  and  that  it  will  we  have  already 
fufficient  evidence,  of  what  ht:d  is  the  heat  ?  According  to 
the  received  doilrine,  it  is  neithery2r///?Z'/^nor  latent  heat:  for 
that  heat  which,  united  to  oxyfrcn  and  azot,  forms  atmo- 
fpheric  air,  is  not  Jlrjlble,  and  that  wl;ich  raifes  the  tempev 
rature  of  bodies  is  7iot  latent:  but  tliis  heat  covjlkutes  one- 
half,  two-thirds^  three-fourtUs,  o;  four-fifths  of  afnvjpheric 
air  (according  to  tlie  nuniljjr  of  atmnfphcres  compreflcd  into 
one),  is  a  conftituent  cheviical  ingredient  of  the  atmofphere, 
and  therefore  latenl  heat :  and  yet  it  ralfes  the  temperature 
of  other  bodies,  without  being  feparated  from  its  union  with 
the  oxygen  and  azot  by  the  cxcrcife  of  any  chemical  affinity ; 
therefore  it  \?,fcuJibU  heat. 

The  doclrine  feems  evidently  to  ftand  oppofcd  to  itfelf ; 
or  fliall  we,  to  avoid  thisconclufion,  fay  that  heat  has  a  thlF^ 
mode  of  exiftence,  in  which  it  may  be  called  sensible- 
latent  caloric!  Abfurd  as  fuch  a  pt)fnion  might  be, 
it  would  not  be  more  fo  thap  the  doclrine  of  latent  heat, 
taking  that  term  in  its  common  acceptation. 

I  meant  to  have  troubled  the  Society  with  ^  few  further 
remarks  on  this  interefting  fubjett,  but,  having  already  en^ 
croached  further  upon  its  tipie  than  I  4t  firft  intended,  niuft 
defer  them  for  the  prefcnt. 

To  conclude  :  The  doArlne  of  latent  and  fenfible  heat  ap- 
pears to  me  to  have  arifen  from  a  want  of  due  attention  to 
the  fa6ls  eftabllflied  by  the  veteran  Black  refped:ing  the  dif-: 
ferent  capacities  of  bodies  for  heat.  This  eminent  chcmift 
was  the  firft  who  propofed  any  thing  rational  on  this  fubje6l, 
and,  when  the  beautiful  fimplicity  of  the  firft  principles 
which  he  eftabliflied  is  duly  attended  to,  it  appears  wonderful 
to  me  that  the  fimple  and  permanent  ftruclure  that  might 
have  been  reared  upon  them  fliould  have  tfcapcd  his  faga- 
cious  obfervation.  Having  eftablifhed  this  incontrovertible 
faft,  that  different  fubftances  have  different  capacities  for 
heat,  this  truth  of  itfelf  neceflarily  embraced  another^  which, 
though  it  could  not  pofTibly  cfcape  obfervation,  has  never 
been  applied  as  it  ought;  namely,  that  in  every  chemical 
combination  we  cflTect  we  are  altering  the  capacities  of  bodies 
for  hca^  and  confequently  deranging  the  equilibrium ;  for 
9  1^5 
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the  product  differs  in  its  capacity  from  the  ingredients;  and 
the  fame  holds  in  decompofitions.  Had  this  been  properly- 
attended  to,  it  would  have  been  found  pcrfeivlly  fufficient, 
when  taken  along  with  that  property  by  which  heatj<tends  to 
etjuiiibriuni,  to  explain  the  palTage  of  heat  from  fubdances  to 
other  iubftanccSj  without  ever  once  fuppoiing  the  heat  changed 
in  its  properties.  Heat  feems  to  a<^  uniformly,  and  its  efre6ls 
depend  always  on  iis  quantity  (not  kind)  compared  with  the 
capacity  of  the  body  into  which  it  enters :  but  it  is  continu- 
ally bandied  about,  as  it  were,  by  the  conflant  changes  that 
are  pafling  upon  bodies,  by  which  their  capacities  for  receiv- 
ing or  holding  it  are  altered;  fo  that  it  is  in  a  conflant  ftate 
of  influx  and  efflux  in  bodies,  and  there  is  going  on  a  con- 
flant adjuftment,  as  it  were,  of  the  differences  exifting  among 
them,  each  requiring  its  own  (hare  of  the  common  (lock,  and 
giving  off,  receiving,  or  merely  tranfmitting  heat,  according 
to  circumftances.  Bodies  are  continually  undergoing  change 
by  the  aftion  of  heat.  This  is  admitted  on  all  hands.  Is  it 
neceflary  then  to  look  for  a  change  in  the  ageni  as  well  as 
the  patient  ?  In  matiy  refpe6ls  its  a6lion,  as  we  have  before 
obferved,  mav  be  illuflrated  by  that  of  water.  Different  fub- 
fiances  require  different  quantities  of  water  to  diflblve  them; 
and  ditferent  fubftances  require  different  quantities  of  heat  to 
diflblve  them.  The  property  which  different  fubftances  have 
to  take  in  different  quantities  of  water,  may  be  called  their 
capacity  for  water :  but  who  ever  talks  of  a  certain  quantity 
of  water,  when  diffufed  among  any  number  of  fubftances  in 
proportion  to  their  capacities,  being  latent  tuater?  or,  when 
an  interpofed  hygrometer  is  affe<Stcd  by  its  paffage  from  on^ 
fijbffance  to  another,  of  its  being  ihen  Jhi/ible  or  free? 
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IV.   Txrjh-Slions  on  the  Theory  of  the  hifiniufimal  Calculus.    By^ 
C.  Carnot,  E.v-Diredorcf  the.  Frejicb  isipuHi:,Mi7iilhr 
..  of  JVar,  and  Meviher  of  the   \atzonal  Injlitute,  Paris  1797*> 
Trciijlated  frum   the   French,    and  Uhijiratcd  %c'tlh  Koles,  . 
hy  William  Dickson,  LL.D.^ 

To  the  Editor  cf  the  Ph'dofophkal  Mugazhie. 

DEAR   SIR, 

X  HE  mathematical  rcadors  of  vnnr  excellent  publication 
jieecl  not  be  told  oFihe  importance  of  the  infinilelimal  calcu- 
lus, or  of  the  affiilance  it  lends  to  every  part  of  natural  phi- 
lofophy,  which  falls  not  within  the  province  of  chcmiftry. 
That  calculus  is  pra6lically  the  fame  with  what  we  call  the 
method  of  fluxions,  except  in  name  and  notation.  But  the 
theories  of  the  two  methods  are  dilierentj  or,  rather,  ihofe 
theories  are  only  different  ways  of  illudrating  one  and  the 
fame  method  under  diiTcrent  names  and  fvmbols.  The  flux- 
ionary  theory,  as  delivered  by  its  inventor,  the  incomparable 
Kewton,  is  confeflldlv  the  moll  accurate;  but  the  intinitefi- 
mal,  otherwife  called  the  differential  theory,  is  generally 
thought,  I  know  not  for  what  rcafon,  to  be  the  moil  eafily 
undcrltood  *.  As  it  is  often  advantageous  ttxconfidcr  a  fub- 
je6l  in  different  points  of  view,  it  was  perhaps  fortunate  that. 
M.  Leibnitz  claimed  this  difcoverv,  aa  he  was,  of  courfe, 
obli<red  to  orive  it  a  new  exnlanation ;  and  thus  we  have  the 
ideas  of  two  of  the  moil  acute  men  who  ever  exifted,  on  one 
of  the  mofx  cxtraordin.irv  and  fublime  fpceulatipns  which  ever 
cxercired  the  human  mt^eileck. 

*  "  W'l  tru  t,"faid  ti:e  excellent  apofik,  \vi  h  ir.r.iiitt;!v  more  depth  and 
propriety  tlian  appears  at  fuft  liglit;  '♦  \vc  l:ij}  that  we  have  a  good  ccrv- 
icicncc."  I  /;•"_/?  that  I  undtii>and  fonieiiiin!^  of  Newton's  tfuxiorsry 
theory  ;  but  I  never,  could  underftand  the  diftlrciitial,  as  delivered  by 
Le'hr  tz,  in  the  A£ia  Erualtorum  of  Leiplu:,  for  0<Stober  16S4,  of 
v,hich  the  learned  and.  ingtiiio.is  Mr.  Tlapbron  has  inferted  a  tranllaiion 
in  his  Hiftory  of  Fluxions,  i  beiieve  ino(J  impanial  perfons,  who  try  to 
read  that  perplexed  and  perplcxhg  piece,  will  be  far  fiom  aci-ofui^  the  hif- 
toiiun  i>f  fcveiit),  when  he  fays,  thjt  it  contains  "  fjr-fctchtd,  fymbolifing, 
in.'iL'nilic.rr  novelties,'*  and  that  the  notation  is  '•  kf-.  apt  and  n^.ore  l::bu. 
rious"  ^lan  tiiiaof  ilie  real  iuventui. 

'^     ^-  In 
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In  the  cflfay,  of  which  tiic  following  is  a  tranflation,  the 
Two  theories  are  blended,  and  fo  clearly  explained,  that  thofe 
who  think  the /)«>r  fluxionary  theory,  even  as  facilitated  by 
Mr.  T.  Sitnpfon,  in  his  excellent  "  Seleft  MathcnialicaJ 
Exercifcs,"  Itill  fomcwhal  difficult,  n>ay  derive  inftraclion 
from  the  author's  new  and  perfpicuons  way  of  treating  tl« 
lubje6t.  This  theory,  like  other  mathematical  theories,  being 
of  an  abftrart  naiure,  may  perhaps,  after  all,  be  more  eafily 
conceived  thar.  exprelled.  And,  as  happens  in  the  pra6licfe 
of  arithmetic,  there  mav  be  perfons  who  are  expert  in  the 
application  effluxions,  but  who  have  never  been  able  fully 
to  fatisfy  thcmfelves  as  to  the  demonftrable  validity  of  the 
theory.  It  (lioulJ  however  be  remembered,  that  all  rational 
praftice  entirely  depends  on  found  theory  ;  and,  to  ufc  the 
words  o{  the  great  Maclaurin  *,  in  proportion  as  the  "  ge- 
neral niethods  are  valuable,  it  is  important  that  they  be  efta- 
bliflied  above  all  exception ;  and  lince  they  fave  us  fo  muck 
time  and  labour,  we  may  allow  the  more  for  illuftraling  tlte 
methods  themfelves." 

Thofe  who,  with  a  competent  knowledge  of  geometry,  al- 
gebra, and  the  conic  Icclions,  attentively  perufc  the  following 
efl'ay,  will  perhaps  wonder  vvhy  a  fubjtcl  capable  of  fuch 
clear  illuftration  has  been  reprefented  as  fo  difficult.  The 
performance,  though  obviouOy  not  without  faults,  is,  upon  the 
whole,  well  worthy  of  the  attention  of  fuch  mathematicians 
as  I  have  alluded  to.  The  tranflation  is  as  literal  as  tlie 
idioms  of  the  two  languages  would  bear ;  and  I  have  annexed 
notes  where  I  thoup-ht-thev  would  be  ufeful.     Thouorh  I  de- 

o  -  o 

cidedly  prefer  the  fluxionary  notation,  as  well  as  theory,  to 
the  diUcrential ;  yet  in  the  /r.r/ I  have  retained,  among  the 
other  fymbols  of  the  original,  all  the  ^'s,  and  the  d'^/'s,  and 
the  ddd'?,  and  the  dddd'^,  to  which  the  foreign  mathemati- 
cians are  h  partial,  as  being  moll  congenial  with  the  inge- 
nious author's  manner  of  conliucring  his  fubjedl. 

I  am. 

Dear  Sir, 
Sincerely  and  refpedfully  yours, 

W.  D. 

*  In  the  ]fntroducUon  to  his  Treitife  of  Fluxions. 

Advar- 
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Ad-vertifement  by  the  Author. 

Some  years  ago,  the  author  of  the  following  reflections  r^* 
duced  thetu  to  the  form  in  which  he  now  prefents  them  io 
the  pubhe.  He  is  at  prefent  charged  with  bufinefs  fo  very 
important  as  to  forbid  his  refuming  his  former  ftudies ;  but^ 
as  every  circumllance  announces  that  the  mathematical  fci* 
ences  arc  about  to  foar  to  a  new  elevalinn,  it  is  believed  that 
fome  -advantasje  may  refidt  from  the  publication  of  a  memoir 
in  which  the  theory  of  the  differential  cakultis  is  difcafled  at 
laro-e,  and  with  precifion,  and  in  which  are  united  the  different 
points  of  view  in  which  that  thtiory  has  been  confidered. 

SulJeSl  of  the  JoUoiving  Dijfertafion. 

I.  No  difcovery  ever  produced  fo  happy  and  fo  fudden  a 
revolution  in  the  mathematical  fciences  as  the  infinitefimal 
analyfis ;  nor  luith  any  improvement  furniflied  us  with  fuch 
fimple  and  efficacious  methods  of  arriving  at  a  knowledge  of 
the  laws  of  nature.  By  decompofing,  fo  to  fpeak,  magnitudes 
into  their  conftituent  elements,  that  analyfis  feems,  as  it 
were,  to  have  dctecled  their  internal  ftru^lure  and  organifa- 
tion.  But  as  all  extremes  elude  the  cognifance  of  the  fenfes 
and  the  powers  of  the  imagination,  we  have  been  able  to 
form  but  an  imperfe6l  idea  of  thofe  elements,  a  fingular  kind 
of  beings,  v^hich  muft  fometimes  be  treated  as  real  quanti- 
ties, fometimes  as  abfolute  nullities,  and  which  fecm,  by 
their  equivocal  properties,  to  hold  a  middle  place  between 
magnitude  and  zero,  between  exiftence  and  nothing*. 

Happily  this  difficulty  hath  not  interrupted  the  progrefs  of 
the  difcovery.  There  are  certain  primitive  ideas- which  are 
always  fomewhat  clouded  in  the  imagination,  but  whofe  firft 

*  I  here  fpeak  in  conformirv  with  the  vigue  ideas  which  we  cominonJy 
entertain  of  iiifmitcumal  quantities,  when  we  have  not  been  at  the  pains 
to  examine  their  naiure.  But  in  truth,  nothing  can  be  more  fitnjle  than 
the  notion  of  iiitiniteriiT,.iIs.  Indeed,  to  fiv  that  a  quantity  is  infinitely 
fmall,  is  precifely  to  aflinn,  that  it  is  the  diiferencc  of  two  jnagnitudes 
which  have  fur  their  limit  the  fame  third  magnitude,  and  nothing  more  i« 
meant.  The  idea,  then,  of  an  infinitefimal  quantity  i$  not  more  difRculf 
to  conceive  than  that  of  a  limit;  but  it  has  befides,  as  is  univerfjliy  a  - 
lowed,  the  advantage  of  leading  to  a  much  more  fimple  fhccfry. 

confcquenccs. 
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tonfequt'iices,  when  once  fairlv  deduced, 'open  a  vaft  field, 
which  may  be  eafilv  traverCcd.  Such  appears  to  be  the  idea 
of  infinity,  of  which  many  geometricians,  who  perhaps  were 
never  able  to  fathom  it,  have  made  the  mod  hoppy  ufe  *. 
Phiiofcjphers,  however,  unable  to  content  themfclvcs  with  fo 
vague  an  idea,  have  been  win)ful  to  afcend  to  principles;  but 
in  doing  this,  thev  foon  found  thcmfelves  divided  in  opinion, 
or  rather  in  their  manner  of  viewing  the  objctls  of  their  re- 
fearch.  My  defign  in  this  performance  is  to  reconcile  thofe 
different  points  of  view,  to  fliow  my  readers  their  relations, 
and  to  propofe  new  ones;  and  I  fhall  think  myfelf  well  re- 
warded for  my  trouble,  if  I  ihould  fucceed  in  throwing  fome 
degree  of  light  on  a  fubjecl  fo  interelling. 

The  Origin  which  the  Infinitejimal  Calculus  ynight  have  had. 

2,.  The  difficulty  frequently  experienced  in  accurately  ex- 
preffing  by  equations  the  different  conditions  of  a  problem,  and 
in  relblving  thofe  equations,  might  have  given  birth  to  the  flrft 
ideas  of  the  inHniteiimal  calculus.  When,  indeed,  it  is  too  dif- 
ficult to  give  an  exaiirl  foUitlon  of  a  queflion,  it  is  natural  for 
the  analyll  to  feek  the  mtans  of  approximating  to  it  as  nearly 
as  poflible,  by  negletfing  the  quantities  which  enibarrafs  the 
combinations,  if  it  be  forefeen  that  fuch  quantities,  on  ac- 
count of  their  fmall  value,  may  be  neglefited,  without  pro- 
ducing any  fenfible  error  in  the  refult  of  the  calculation. 
Thus,  for  example,  as  the  difcovery  of  the  properties  of  curve 
lines  is  very  difficult,   they  have  beeit  confidefed  as  polygons 

,  *  Certaiiilv  no  (geometrician,  or  metaphvfician  either,  was  ever  able  to 
fathoMi  quantities  iuiinicely  great  or  infinitt!/ fma'll  j  I  had  almoit  faid, 
even  in  the  rcRrif'l-id  rcnie  of  the  mathematicians,  who  define  them  to  be 
quantities  greater  (or  icfs)  rhan  any  affignable  qviantitics.  Yet  the  mcta- 
pliyficians  can  prove  that  fuch  quantities  muft  ncceiTirily  be  received 
among  the  other  e/ttia  raiionis;  and  the  mathematicians  dernonftrate  many 
of  their  relative  powers  and  properties;  juft  as  the  chemifts,  mutatis  mum 
tixfidif,  exbibir  to  the  fenfcs  many  of  the  properties  of  natural  bodies, 
though  they  (Jo  not  pretend  to  have  any  idea  whatever  of  their  intimate 
tflcnccs.  O^I(&  difficulty,  or  rather  impoliiDility,  of  conceiving,  and  the 
riccclii!y  of  affrnitting,  Eterliity  and  Infinity,  fee  Dr.  Samuel  Clarke's  ex- 
cilient  Demon  ft  ration  of  the  Being  and  Attributes  of  God,  page  8,  .f/_/^.j'y. 
jorh  edition.     W,  D. 
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of  a  very  great  number  of  fides.  If,  indeed,  we  conceive  ^ 
regular  polygon  to  be  infcribed  in  a  circle,  it  is  evident  that 
thofe  figures,  though  they  be  ahvavs  difl'erent,  and  can  never 
become  identical,  yet  refemble  each  other  more  and  more  as 
the  fides  of  the  polvgon  increafe  in  number.  The  circum- 
ferences of  thofe  figures,  their  furfaces,  the  folids  formed  by 
their  revolutions  about  a  given  axis,  the  analogous  lines 
drawn  without  and  within  them,  the  angles  formed  bv  thofe 
lines,  &c.  are,  if  not  refpeftively  equal,  at  leaft  the  nearer  to 
equality  the  more  the  number  of  fides  augments.  Hence, 
by  fuppofing  the  number  of  fides  to  be  very  great,  we  may, 
without  any  fenfiblc  error,  attribute  to  the  circumfcribing 
circle,  the  properties  which  we  have  difcovered  to  belong  to 
the  infcribed  polvgon. 

Farther,  the  fides  of  this  polygon  evidently  diminifh  in 
magnitude  in  proportion  as  their  number  is  augmented ;  and 
Gonfcquentlv,  if  we  fuppofe  the  polygon  to  be  really  compofed 
of  a  very  great  number  of  fides,  we  may  alfo  affirm  that  each 
of  thofe  fides  is  really  very  fmall. 

This  being  underftood,  if,  in  the  courfe  of  calculation,  a 
cafe  happen  to  occur  in  which  many  operations  would  be 
much  fimplified  bv  neglecting,  for  example,  one  of  thofe 
fides,  which  is  fmall  in  comparifon  with  a  given  line;  that  is, 
by  employing  in  the  calculation  that  given  line  inft.Gad  of* 
quantity  equal  to  the  fum  of  that  given  line  and  the  little  fide 
in  qucltion,  it  is  clear  that  this  may  be  done  without  incon- 
Yenience;  for  ihe  refulting  error  muft  be  extremely  fmall, 
and  it  will  not  be  worth  while  to  inquire  into  its  value. 

3.  Yox  example,  if  it  were  propol'ed  to  draw  a  tangent  to 
d  Sfiven  point  37,  of  the  circumference  of  the  circie  MBD 
(fig.  I). 

Let  C  be  the  centre  of  the  circle,  and  DCB  the  aifis.  Sup- 
pofe  the  abfcifs  DP  =  .v,  the  corrcfponding  ordinate  MP  =j^, 
%nd  let  TP  reprefetU  the  fubtangent  required. 

In  order  to  find  that  fubtangent,  let  us  confider  the  circle 
^s  a  polygon  of  a  very  great  number  of  fides.  Let  MNhc 
qnc  of  thofe  fides,  and  be  produced  till  it  meet  the  axis.  It 
will  then  evidently  be  the  tangent  in  (jucliion,  becaufe 
f;,  falls  Dpi.  witliin  the  polygon.  Moreover,  let  fall  the  per- 
pendicular 
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pcndicular  3/0  upon  NO,  which  is  parallel  to  MPj  and 
put  a  for  the  radius  of  the  circle.  We  fliall  then  evidently 
have 

MO  :  A^  : :  TP  :  MP;  that  is,  ~  =  --. 

NO  y 

On  the  other  hand,  the  equation  of  the  curve  for  the  point 

3/ being  ^jK  =  %ax~~xx*j  the  equation  for   the  point  N 

will  be 

0'  +  NOy  =  la  {x  +  MO)  —  (.V  +  Moy-y 

and  fubtra6ling  the  former  equation  from  the  latter,  and  rer 

ducing,  we  have 


but  wc  before  found 


MO  _        2y  +  NO , 

NO    ~  2u  —  2x  —~Mb ' 

MO       TP      ,       c      "^P  2j  +  NO 

~         ■  therefore  —  = 


NO  y    '  y  2a  —  zx  —  MO* 

and  mukiplvinff  bv  r,  we  have  TP  —  -^ ~-, 

'  ■'     °     -  -^  za  —  2x  —  iMO 

If,  then,  MO  and  NO  were  known,  we  (hould  have  the 
value  of  TP,  the  fubtangent  required.  Now  the  quantities 
MO  and  NO  are  very  fmall,  being  each  of  them  lefs  than  the 
fide  MX,  which,  by  the  fuppofition,  is  itfelf  very  fmall.  We 
may  therefore,  without  any  fenfible  error,  rejacl  thofe  quan- 
tities, in  comparifon  with  the  quantities  2j  and  ix  —  2a, 
wherewith  they  are  connefted.     The  equation  will  then  be 

reduced  to  TP  =  — ^ =  — — ,  the  value  of  the  fubtan- 

2J   —    2X  ^  —  X 

gent  fought. 

The  Infinilejimal  Calculus  maj,   in  this  View,  be  conjidercd 
as  afvnple  Method  of  Approximation. 

4.  If  thisrefult  be  not  abfolutely  exadl,  it  is  at  ieaft  evident 
that,  in  pra6lice,  it  may  pafs  for  fuch,  becaufe  the  quantities 

MO  and  NO  are  extremelv  fmall.     But  a  perfon  who  has  no 
idea  of  the  doctrine  of  infinites,  will  perhaps  be  furprifed  ta 

be  told  that  the  equation  TP  —   — — ,  does  not  barely  make 

a  —  X 

a  near  approach  to  the  truth,  but  that  it  is  really  and  perfeftly 

accurate.     Of  this,  however,  he  may  eafily  fatisfy  himfelf  by 

*  For,  in  the  circle,  ?<z  —  .v  -.y  :  :  y  :  x. 

G  ff  3  mvef-r 
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-inveftigating  the  value  of  TP,  on  the  principle  of  the  tangent 

■being  perpendicular  to  the  extremity  of  the  radius;  for  it  is 

evident  th.it  the  finiilir  triangles, 

CPM,  MPT,  give  CP^:  MP  :  :  MP  :  TP; 

MP'-  V* 

and  therefore  TP  = =  - — ,  as  before. 

CP  a-x' 

5.  As  a  fecond  example,  fuppofe  we  are  to  find  the  furf^ice 
of  a  given  circle.  I.et  us  (till  confider  that  curve  as  a  regular 
polygr  1  (/  1  (i^-rp.t  niimber  of  fides.  The  area  of  any  regular 
polygon  is  e  ;ual  to  the  product  of  its  circumference  into  half 
the  perijcndicular  let  fall  from  the  centre  on  one  of  its  fides. 
The  circle,  therefore,  being  confidered  as  a  regular  polygon 
of  a  great  number  of  fides,  its  furface  ought  to  be  equal  to 
the  produft  of  its  circumference  (that  is,  the  fum  of  very 
numerous  tides)  into  half  the  radius ;  a  propofition  as  exact 
as  thf  other. 

6.  However  vague  and  indeterminate  the  expreffions  vny 
gj-caf  and  'very  fjiiali,  or  others  of  the  fame  nature,  may  ap- 
jjear,  we  fee,  by  the  two  preceding  examples,  that  they  are 
not  unufcfully  employed  in  mathematical  combinations,  and 
that  the  qu.inlities  figrnified  by  thefe  exprellions  may  afford 
much  help  ,in  facilitating  the  folution  of  divers  quefi:ions 
vi'hich  may  he  propofed.  For,  the  notion  of  fuch  quantities 
beinor  onc^  viohtlv  underftood  and  admitted,  all  othei*curves, 
a?  well  a^  the  circle,  niay  be  confidered  as  pol\gons  of  a  great 
number  of  fides ;  all  furfaces  may  be  divided  into  a  great 
number  of  fillets  or  ?ones ;  all  bodies  may  be  refolved  iuto 
porpufcles  ;  and,  in  a  word,  all  quantities  may  be  decompofcd 
into  particles  <jf  the  fame  fpecies  with  themfelves.  Hence 
arife  new  relations  and  combinations;  and  we  may  eafily 
iudge,  from  the  examples  already  adduced,  of  the  rcfourccs 
in  calculation,  wliieh  the  introduction  of  fuch  elementary 
quantities  muft  afford. 

7.  But  the  advantages  of  admitting  thefe  quantities  is  ftill 
more  cpnfuierable  than  could,  at  firlt  fight,  have  been  ex- 
pe6led.  For  we  have  feen,  in  the  examples  propofed,  that 
what  was  confidered,  at  the  outfet,  as  a  fimple  method  of 
approximation,  conduits  us,  at  leaft  in  certain  cafes,  to  re- 
fults  perfei^tly  accurate.     It  becomes  iniereltipg,  therefore, 

tq 
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to  be  able  to  diftingulfli  the  cafes  in  which  this  accuracy 
takes  place,  and  thus  to  convert  this  method  of  approxima- 
tion into  a  calculus  perfe(5lly  exa<St  and  rigorous ;  and  fuch  is 
the  objC(5l  of  the  infinitefimal  analyfis. 

8.  Let  us  firft  fee,  then,  how  it  came  to  pafs  that,  in  the  equa- 
tion TP  =   ■  ■'  ^-     ■ ,  found  in  article  -^d,  thou>'li  we 

neglc6led  j\lO  rmd  A'O,  the  juftnefs  of  the  refult  was  not  af- 
fe6led ;  or  rather,  how  llie  refult  became  exai^  from  tlic  fu(»- 
preffion  of  thofe  quantities,  and  why  it  was  not  exa6t  before 
that  fuppreflion. 

Now,  the  reafon  of  what  happened  in  the  folution  of  the 
above  problem  will  cafily  appear,  on  remarking  that  the  hy- 
pothefis  on  which  that  folution  is  grounded,  is  falfe  ;  it  being 
abfolutely  impoflible  that  a  circle  can  be  a  true  polygon,  what- 
ever be  the  number  of  its  fides  ;  fo  that  there  muft  refult  frora 
that  hypothecs  an  error  of  fome  kind  in  the  equation  Tt^  — 

y(,iy  +  AO)^  g^^^  ^^^^  ^^f.^^^^  ^^  ^  --^— -bein^nc^crlhe- 
2a  —  3Ar  —  MO  a  —  X 
lefs  exaiSt,  as  was  proved  by  the  comparifon  of  the  two  tri- 
angles CPM,  MPT,  we  found  that  MO  and  NO  might  be 
iicgleifted  in  the  firft  equation.  Indeed  thefe  quantities  o-v^j-/'/ 
to  be  neclecT:ed,  in  order  to  correft  the  calculus,  and  to  dc- 
llrov  the  error  which  had  arifen  from  the  falfe  hvpothv  !i^  !..  H 
aflbmed.  The  rejection  of  quantities  of  this  nature  is  not 
barely  allowable,  but  is  abfolutely  neceflary  in  fuch  cafes, 
as  beino-  the  only  manner  of  exprefling  accurately  the  condi- 
tions of  the  problem. 

fhe  Accuracj   of  fuch    Rf-fidts  is  oiuing  to  a  Compcnfation 
of  Errors. 

q.  The  accurate  refult  TP  —  -^ — hasbeenobtained  then, 
-^  a  ~  X 

only  in  confequcnce  of  a  compcnfation  of  errors  ;  and  this 

compenfation  mav  be  rendered  ftill  more  evident,  bv  treating 

the  example  above  given  in  a  manner  fomewhat  diflerent, 

fiamelv,  by  confidering  tlie  circle  as  (what  it  really  is)  a  true 

gurve,  and  not  a  polvgon. 

|."or  this  purpofe,  from  the  point  R  (f^g.  i.)  taken  arbitra- 

S  ^  rily 
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Tily  at  any  diftance  from  the  point  M,  draw  the  line  US  pAr 
rallcl  to  jSIP,  and,  through  the  points  R  and  JSI,  draw  the 
fecant  RV )  then  we  (hall  evidently  have  T'P  :  MP  : :  MZ 

:  RZ,  and  therefore  T'P,  or  TP  +  T'T  =  MP  ^.   Nov\-, 

if  we  imagine  RS,  moving  parallel  to  itfelf,  to  approach  con- 
tinually to  JSIP,  it  is  evident  that  the  point  T'  will,  at  the 
fame  time,  more  and  more  approach  to  the  point  T',  and  con- 
fequently,  that  we  may  render  the  line  T'Tasfmall  as  we 
pleafe,  without  affecting  the  proportion  above  eftablilhed.  If^ 
then,  we  negletl  the  quantity  T'T'in  the  equation  juft  found, 
there  will  indeed  be  an  error  in  the  refuUing  equation  TP  = 

MP--^,  to  which  the  former  will  now  be  reduced:  but 
RZ) 

this  error  may  be  diminiflied  as  much  as  we  pleafe,  by  making 

RS  approach  to  MP  as  nearly  as  is  neceflarvj  that  is,  the 

proportion  of  the  two  members  of  this  lad  equation  will  differ 

as  little  as  we  pleafe,  from  the  proportion  of  equality. 

In  like  manner  we  have   ---  =  ■ -— .      (bee 

RZ        2a  -  zx  —  MZ       ^ 

Article  3,)  And  this  equation  is  perfectly  accurate,  what- 
ever be  the  pofition  of  the  point  R  ;  that  is,  whatever  be  the 
values  of  MZ  and  RZ.  But,  the  nearer  RS  approaches  to 
lilP^  the  fmaller  will  be  the  lines  MZ  and  RZ',  and  hence, 
if  they  be  neglected  in  the  fecond  member  of  that  equation, 

the  error  which  will   rcfult  in  the  equation  —    -    =  —^ — , 

xiZ  a  —  X 

will,  as  in  the  former  cafe,  be  thereby  rendered  as  fmall  as 

we  think  proper. 

This  being  fo,  without  paying  any  regard  to  errors,  which 

I  have  it  always  in  my  power  to  diminifh  as  much  as  I  plcafe, 

I  treat   the  two  equations  TP  =  MP  -~->    and  -----    = 

^ ,  as  if  both  of  them  were  perfectly  accurate :  fubfti- 

tilting,  therefore,  in  the  former  the  value  of——-,    expreffed 

m  the  latter,  1  have  TP  =  MP  -^-- ;  that  is,  TP  =-^4 

»;  --  .V  a—:t 

as  before. 

TbiiS 
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This  refult  is  pcrfeftly  juli:,  bccaufe  it  is  conformable  to 
•bat  which  was  obtained  by  tlie  comparifon  of  the  triangles 

CPU  and  MPT)  and  yet  the  equations  TP  =  MP  -773^  = 

y  -—-  and  -^—-  —  —^ — ,  are  certainly  both  of  them /rt^. 
RZi  RZ         a  —  X 

For  the  diftance  oi  RS  from  MP,  was  not  fnppofed  nothing, 
or  even  very  fmall,  but  equal  to  a  line  arbitrarily  alfumed. 
It  follows,  therefore,  of  neceflity,  that  a  mutual  compenfation 
of  errors  took  place  in  the  com parift)n  of  the  two  erroneous 
equations*. 

JVhy  this  Compeiifation  taies  place. 
10.  Having  (hown  that  there  exift  compenfating  errors, 
whence  they  originated  and  how  they  are  proved,  T  ihall  next 
proceed  to  explain  them,  and  to  fearch  for  a  mark  by  which 
it  may  be  known  that  a  compenfation  takes  place  in  calcula- 
tions fimilar  to  the  preceding,  and  the  means  of  producing, 
fuch  compenfation  in  particular  cafes. 

*  This  "  compenfatioa  of  errors''  the  acute  Dr.  Berkeley,  Bifliop  of 
Cloyne,  in  77je  Analyji,  publilhed  in  1734,  laboured  to  maunify  into  a 
ferious  objeftion  againft  the  differential  calculus;  not  confidering  that 
errors  which  we  may  make  as  little  as  we  pleafe,  will  afFcft  the  truth  as 
Urtle  as  we  pleafe.  Thus  i '9999991  &c.  is  not,  in  rigid  ilriclncfs,  co^ual 
to  2  ;  bur  as,  by  annexing  9's,  the  error  may  foon  be  rendered  iyicompre- 
beKjibly  minute,  no  one  can  doubt  that  its  ultimate  ratio  to  2,  is  a  ratio  of 
(quality.  Hence  the  word  falfe,  applied  by  our  ingenious  author,  in  this 
paragraph  and  elfewhere,  to  differential  equations,  is  abundantly  too  ftrong ; 
and,  had  he  read  The  Analyft,  he  would  certainly  have  ufed  a  lefs  excep- 
tionable term,  fuch  as  incorre(51,  or  inaccurate,  or  imperfect,  a  word  which' 
in  the  fcquel  he  takes  in  a  hmilar  fenfe.  But  fal[e  (faux,fi'.:tjjt')  fignifies 
not  minutcnefs  of  error,  but  a  total  negation  of  truth.  It  is  not  always 
eafy,  indeed,  to  find  words  exaftly  luited  to  exprefs  very  abftraft  ideas. 
The  great  Simpfon  {SeU/I  Exercifes,  p.  239.)  admits  that,  had  Newton 
ufed  the  word  limiting  inftead  of  ultimate  ratios,  Dr.  Berkeley  might  not 
have  conjured  up  his  '♦  Ghofts  of  departed  Quantities.''  Yet  Mr.  Simp- 
fon, and  ail  other  competent  judges,  allow  that  Newton,  by  repreTonting 
fluxions  not  as  in  the  latio  of  the  whole  increments,  but  in  the  firil  ratu 
of  thole  increments  confidered  as  nnfcent,  or  in  their  ultimate  ratio  con- 
fidere<J  as  evanefcent,  has  eftedtually  anticipated  every  reafonable  objec- 
tion; and  this,  no  doubt,  the  learned  and  ingenious  bifliop  would  have 
confelTed,  had  he  given  himfclf  time  to  digeft  this  doctrine,  which  is  partly 
VJofoJded  in  the  prefent  ti^cl,     VV.  Di 

For 
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For  this  purpofc,   it  will  be  fufiicient  to  remark,  that  the 

errors,  iucluded  in  the  two  equations  TP  =j'  ---;-,    ar..d  --,- 

HZ  RZ> 

y 
=  -     — ,  ni.av  be  rcntlerecl   as  fmall  as  we  pleafe  ;  and  the 

fame  thin<:;:  would  lake   place  if  there  were  anv  error  in  the 

refulting  equation  TP  =  -^ — ,  and  if  that  error  depended 

a  —  X 

on  the  arbitrary  diltance  of  the  lines  MP  and  BS.  But  no 
fuel)  error  can  cxi(t  in  this  laft  equation;  becaufe  the  jX)int 
My  through  which  the  tangent  nmft  pafs,  is  given,  and  not 
one  of  the  quantities,  TP,  a,  x,  orj',  is  arbitrary. 

PIcnce  it  lollows,  that  the  compenfalion  of  errors,  which 

takes  place  ui  the  equations    lP-=  j;   ——-,   and    — -,-  = 

-  —  ,  is  Indicated  In  the  refult  by  the  abfence  of  the  quan- 
a  —  X 

titles  M7t  and  7?Z,  which  caufed  thofe  errors.  Confequent- 
ly,  after  havino;  introduced  thcfe  laft  quantities  into  the  cal- 
culation, to  facilitate  the  exprcflion  of  the  conditions  of  the 
problem,  and  having  treated  iheni,  in  the  equations  exprcfling 
thofe  conditions,  as  nothing  in  compariion  ot  the  propoied 
quantities,  w^e  have  only  to  eliminate  thofe  quantities  out  of 
the  equations,  in  order  to  free  them  from  error,  and  to  ob- 
tain an  accurate  refult. 

1 1 .  Tlie  inventor  of  this  method  might  therefore  have  been 
conducted  to  his  difcovcry  by  a  very  limplc  train  of  reafon- 
inof.  "  If,  inftcad  of  a  propofed  quantity,"  might  he  have 
faid,  "  I  fublliiute  in  my  calculation  a  quantity  which  is  not 
C(]ual  to  it,  fome  error  will  certainly  refult.  But  if  the  dif- 
ference of  the  (juantities  in  qucftion  be  arL>itrary,  and  I  have  it 
in  my  power  to  render  that  ditrercnce  as  fmall  as  I  pleafe,  the 
error  cannot  be  dangerous.  I  may  even  commit  feveral  fimllar 
errors  at  once,  without  incurring  any  inconvenience  ;  becaufe 
I  have  alwavri  in  my  own  power  the  degree  of  precifion,  which 
I  fhoofe  to  give  to  my  rcfulls.  Befules,  it  may  happen  ihat^ 
th(jfe  errors  will  mutually  compenfate  each  otlier,  and,  if  fo, 
my  refulis  will  i)ecouic  perfectly  accurate."  But  how  is  fuch 
a  conjpcnfaiioa  to  be  cHccJ:ed  iu  all  cafes  ?    A  lllilc  rcflccHi«>i> 
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Will  fuggefl:  an  anfwer  to'this  qucftion.  "  In  fud.,"  might 
tile  inventor  continue,  "  let  nie  fuppofe  for  a  moment  that 
the  defired  compenr.ition  has  taken  place,  and  let  me  inquire 
by  what  mark  it  ought  to  be  indicated,  in  the  conclufion  of 
the  calculation.  Now  it  mull  naturally  happen,  that  when 
the  quantities  which  occafion  the  errors  dilappear,  the  errors 
themri.'Ive3  will  difappear  at  the  fame  time.  For  thofe  quan- 
tities (fuch  as  MZ  and  RZ)  having,  by  the  fuppofition,  jir- 
bitrary  values,  ought  no  longer  to  exilt  in  formula:,  or  re- 
fults,  which  are  not  arbitrary,  and  which  depend,  not  on  the 
will  of  the  calculator,  but  on  the  nature  of  the  things  whofe 
relation,  exprelTed  bv  thofe  refults,  he  propofed  to  inveftigate. 
The  mark,  then,  which  announces  that  the  defired  compcn- 
fation  has  taken  place,  is  the  abfence  of  the  arbitrary  quan- 
tities which  produced  the  errors  ;  and  therefore  I  have  nothing 
more  to  do,  in  order  to  effect  that  compenfation,  than  to  eli- 
minate thofe  arbitrary  quantities." 

12.  With  a  view  to  fix  thofe  ideas  the  more  firmly  in  the 
mind,  and  to  give  to  the  principles  thence  derived  the  ne- 
cellary  degree  of  precifion  and  genehality,  I  fliall  remark,  that 
the  quantities  whicii  we  have  occafion  to  confider  in  the  fub- 
jecl;  before  us,  mav  be  difiinguifhed  into  two  clafles.  The 
firil  clafs  confifts  t>f  quantities  which  are  either  given,  or  de- 
termined by  the  conditions  of  the  problem,  fuch  as  MC, 
MP,  FT,  MT.  The  fecond  clafs  is  compofed  of  quantities, 
fuch  as  RS,  RT',  ST^,  which  depend  on  the  arbitrary  pofition 
of  the  point  R,  and  which,  as  the  point  R  approaches  to  the 
point  AT,  do  refpectively  approach  their  correfponding  quan- 
tities in  the  firft  clafs.  Thus  I\IP,  for  example,  is  the  limit 
oi' RS,  that  is,  the  fixed  term  to  which  it  continually  ap- 
proaches, or,  if  you  will,  its  laft  or  uJilmate  'value.  In 
like  manner,  MT  is  the  limit  or  ultimate  value  of  RT' ,  and 
FT  that  of  ^T' .  For  the  fame  reafon,  it  is  clear  that  the 
limits  or  ultimate  values  of ilfZ,  RZ,  ME,  T'T,  are,  every  one 
of  them,  o.     In  fine,  it  is  alfo  evident  that  the  ultimate  ratio 

of  R%  to  MP,  (that  i^,  the  ultimate  value  of  -^^'0  is  the  ratio 

of  equality,  and  fuch  is  the  ratio  of  RT'  to  MT,  of  ST  to  FT, 

or,  in  a  word,  fuch  is  that  of  any  other  quantity  toils  limit,. 
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13.  To  enable  us  to  extend  thcfc  reinarks  to  other  pro-- 
Wcnis  of  the  fame  kind,  let  us  now  put  the  cafe,  That  any 
fyltem  whatever  of  quantities  is  propofed,  in  order  that  the 
relations  which  exift  between  them  niav  be  invcfrigated  *. 

14.  And  firft,  I  fliall  comprehend  under  the  name  of 
ajjigned  quantities  (quant'i'k  dc/igneesj  not  only  all  the 
quantities  propofed  in  the  very  enunciation  of  a  problem,  but 
alfo  all  thofe  which  depend  on  thofc  quantities,  that  is, 
\\'hich  are  fun^lions  of  thofe  quantities,  and  of  none  elfe. 

15.  On-  the  other  hand,  I  fliall  give  the  names  of  un- 
nlJigried^  or  auxiliary  quantities^  to  all  thofe  v.hich  make  no 
part  of  the  fyftem  of  afligned  quantities,  and  which  confc- 
quently  do  not  efiTcntinlly  enter  into  the  calculation,  but  are 
introduced  folely  to-  facilitate  the  comparirbn  of  propofed 
quantities. 

Thus,  in  the  preceding  example,  MP,  WC,  MT,  DP, 
Sec.  are  alJigtied  quantities ;  becaufe  tnev  depend  only  on 
the  pofiiion-  of  the  point  M,  to  which  the  tangent  is  to  be 
drawn.  But  RS,  and^  all  it^  dependent  lines,  MZ,  RZ^. 
T  T,  T^P,  Sec.  are  aitxiiiarj'  quantities  ;  becaufe  we  fl^ould- 
not  have  thought  of  drawing  them,  excr?pt  their  afliftance 
had  been  wanted  in  the  folution  of  the  queition,  the  object- 
of  which  is  to  aifcover  the  proportion,,  or  relation,  of  MP 
to  MT. 

*  I  here  fuppofo  thst,  in  any  problerr.  propofed,  the  relations  which  esift 
between  fuch  or  Aich  propofed  quantities  has  been  previoully  difcovered. 
If,  for  exam;>le,  the  problem  be,  to  find  a  curve  which  has  a  certain  de« 
tcrminare  proprrty,  1  fuppofe  that  the  relation  between  an  ordinate  of  that 
curve  and  the  corrcfpondiag  abfcine  is  already  known.  In  like  ir.anner^ 
if  it  were  required  to  draw  a  tangent  to  any  indeterminate  point  of  that 
rurve,!  begin  by  arbitrarily  ilxing  on  the  point  to  which  I  %vifh  to  draw 
the  tangent,  and  [  limit  the  problem  to  the  inveft'gation  of  the  relation  which 
fubf.fts,  for  inftance,  between  the  iliutangont  and  the  abfciife,  or  between 
ttie  ordinate  and  tlie  corrcfpor.ding  iubnon-nal  at  that  point.  But  if  it 
ihould  be  aficed  how  I  apply  the  ciefinition  of  infinity  to  fuch  qucftions  as 
tr.efe:  /i  ;7.'a.'/^ -'//'v/'/ii/d' ad  infinitum  ?  Is  the  i pace,  in  ivbici^  all  created 
heiy.gs  ex'rjl  iKJimtc  ?  I  fiy,  if  fuch  queftions  fnould  be  put  to  me,  I  fhould- 
anfwer,  t!iat  my  dtfinition  is  reftriftcd  to  mathematical  infinity,  and  that 
it  can  only  be  applied  to  problems  whofe  objcft  is  the  difcovtry  of  the  re- 
lations which  cxift  between  different  ir.athwnatica!  quantities,  and  that  the 
inetaphyfical  qucftions  juft  ftatcd  can  by  nofi  cans  be  referred  to  the  theory 
0£  v.-hicii  I  here  propofc  to  cftublifli  thcpri^  ;ip[c$, 
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llciicc  it  evidcntlv  follow?,  that  into  all  unafiTigned  quan- 
tities there  necefl'arily  enters  fomcthing  arhitrarv  ;  for,  if  this 
^vere  not  the  cafe,  their  vulue  would  then  be  afligned,  by  tbe 
very  conditions  of  the  probKin,  and  confequenlly  they  would 
wholly  depend  on  propofed  qu^jutilicsj  which  is  contrary  tw 
the  fuppofjtion. 

t6.  Since  in  the  matheiTialics,  two  lines,  two  furfaces, 
two  folids,  in  (hort  iv.o  quantities  of  any  kind  whatever,  arc 
uippofed  continually  to  approach  each  other  hv  infcnfible 
-degrees;  To  that  their  proportion,  or  the  quotient  reprefent- 
ing  that  proportion,  diflers  lefs  and  lefs,  and  as  little  as  we 
pleafe,  from  unity,  we  fay,  that  the  laft,  or  ultimate  ratio  or 
ihofe  two  quantities  is  a  ratio  of  equality. 

17.  If  one  of  the  quantities  be  afllgned,  and  the  other 
auxiliarv,  the  firft  is  called  the  Vwitt,  or  ultimate  I'aluc  of  the 
fecond.  Thus  a  limit  is  nothing  elfe  than  an  afligned  quan- 
tity, to  which  an  auxiliary  quantity  is  fuppofed  continually" 
to  approach,  in  fuch  a  manner  that  their  diiference  may  be 
rendered  as  fmall  as  we  pleafe,  and  that  their  ultimate  ratio 
may  be  a  ratio  of  eouality. 

Thus  auxiliary  quantities  alone  can  be  properly  faid  to 
'have  limits;  for  affigned  quantities,  being  fuppolcd  conftant 
and  unchangeable,  and  to  be  themfelves  the  terms,  or  ulti- 
mate yalues  of  auxiliary  quantities,  cannot,  in  flrictnefs,  be 
faid  to  have  any  limits  ;  unlefs  we  choofe  to  fay,  that  every 
■afllgned  quantity  is  its  own  limit,  a  liberty  of  Ipeech  which 
cannot  be  refufed  us ;  fmce  the  ultimate  value  of  any  de- 
terminate quantity  whatever  can  be  nothing  clfe  than  that 
quantity  itfelf. 

18.  Hence,  in  general,  we  give  the  names  of  ultimate 
values  and  ultimate  ratios  of  quantities,  to  the  values  and 
ratios  w  hich  are,  in  fcf ,  tiiC  laft,  or  ultimate,  ones  aligned 
to  thofe  quantities  and  their  relations,  by  the  law  of  conti- 
nuity, when  each  of  them  is  fuppofed  to  approach,  by  con- 
tinued and  infeniible  degrees,  to  its  correfponding  afiigned 
.quantity. 

19.  We  generally  give  the  name  of  an  I?iji7iitc'lj'  fmall 
quantity,  to  the  difference  between  any  auxiliary  quantity 
whatever  and  its  limit.     1  hus,  for  inftance,  RZ,  which  is 
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the  dift'erfnce  between  RS  and  MP^   is  what  we  call  an  in* 
finitely  fmall  quantity. 

20.  On  the  other  hand,  we  call  every  quantity  Infinitely 
gyeiit,  or  {imply  Infinite,  which  is  equal  to  unity  divided  by 
an    infinitely    fmall    quantity  :    confequently    the   quantity 

77-;  or   -^T-: — rrr;  is  infinite,-  or  infinitely  great. 
RZ         RS — Ml*  ■   ^ 

But,  fince  MP  is  the  limit,  or  ultimate  yalue,  of  RS,  it 

is  evident  tkat  o  is  the  ultimate  value  of  RZ,  or  RS — AlP, 

and  that  A  is  the  ultimate  value  of  — . 

Z 

21.  Thus  we  may  affirm,  in  general,  that  An  infinitely 
fmall  quantity   is   a   quantity   ivhofe   limit  is  o  ;    and  on  the 

contrary,  that  An  infinitely  great,  orfiniply  an  hfinite,  quan- 
tity is  a  quantity  zvhofe  limit  is  -' . 

2  2.  Under  tlie  name  oi  Infifiitcfimal  quantities,  we  com- 
prehend quantities  which  are  infinite,  or  infinitely  great,  as 
well  as  thofe  which  are  infinitely  fmall.  All  other  quantities 
are  caWed  finite, 

23.  To  fay,  in  conformity  with  common  ufage,  that  In- 
finity is  that  which  has  no  bounds,  or  is  that  which  is 
without  limit,  or  is  that  whofe  limit  does  not  c\\(\,  is  a 
mode  of  expreflion  which  conveys  a  fimple  idea  of  what  is 
meant,  and  which  is  by  no  means  deftitute  of  propriety ;  bc- 
caufe  in  fa6t,  the  limit  of  one  kind  of  infihitefimal  quantities 
is  o,  and  that  of  the  other  ^  ;  and  o  and  I  are  not  real  quaji" 
titles  *. 

24.  But, 

■'"  This  kind  of  notation,  which  is  in  general  ufc,  is  very  apt  and  figni- 
ficant.  But  we  are  under  no  necclFity  of  making  o  always  rcpieftnt  a^jfo- 
lute  nothing.  Wt  are  at  Hberty,  when  our  fubjeft  requires  it,  to  make 
o  (land  for  relali've  nothing,  or  that  which  may  be  confidered  as  nothing 
relatively  to  fome  other  quantity.  Thus  any  very  fmall  fra6lioii 
•ooooopoooooi,  (prefixing  cyphers  at  pleafure)  though  not  abfolutely 
nothing,  may  "be  fafcly  confidered  as  nothing,  relatively  to,  or  compared 
with  I,  and,  a  fortiori,  with  any  other  whole  number,  and  accordingly 
mav  be  reprefented  by  o.  And,  if  fo,  rrrrr;— — — -,  or  looooooooooo 
(annexing  cyphers  at  pleafure)  though  by  no  means  abfolutely  infinite, 
may  be  accounted  infinite  relatively  to  i,  or  any  moderate  given  number, 
;ind  accordingly  may  be  reprtfeatcd  by  i..  — Thus  the  diameter  of  th(; 

earth 
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24.  But,  from  o  and  ^  being  the  limits  of  infinitcfimal 
(juantitie.s,  it  by  no  means  follows  that  thefc  quantities  them- 
felves  are  chimerical  entities.  On  the  contrary,  it  appears 
from  the  definition  (article  19)  that  an  infmitcly  fmall  quan- 
tity is  the  difference  between  two  very  eflicient  quantities, 
namely,  between  any  auxiliar\'  quantity  whatfoever  and  its 
limit. 

25.  Hence  it  follows  farther,  that  every  infinitely  fmall 
quantity  may  be  eonfidered  as  the  ditlerence  between  two 
auxiliary  quantities,  which  have  the  fame  third  afligned 
quantity  for  their  limit.  For,  let  A' and  Y  be  two  difierent 
auxiliary  quantities,  whofe  limit  is  the  fame  third  quantity 
A,  I  fay,  that  A' — Y  m  an  infinitely  fmall  quantity.  For, 
(ince  the  limit,  or  ultimate  value  of  A'  is  yl,  and  that  of  Y 
is  alfo  A,  it  follows  that  the  ultimate  value  of  X — IT  will  be 
A  —  yl,   or  o.     Therefore  the  limit  of  ^  +  (A'—  Y)  is  A; 

earth  may  be  reckoned  'very pr.cU,  compared  with  the  diftance  of  tlic  futi, 
and  as  reluti've  o,  compaicd  with  tiiat  of  any  hxe<i  ftar;  ar.d  convcritly, 
the  diftance  of  the  fun  is  'very  'jveat,  and  that  of  a  fixed  ftar  ',  or  infinite 
compared  with  the  earth's  diameter. — Agisin  ;  rnppofing  a  rc<ft;;ngle  to  be 
continualiy  diminifhed  by  the  parallel  motion  of  one  of  its  ftdes,  the  law 
of  continuity  tells  us  that  it  will  come  to  o,  or  that  the  moving  fide  will 
arrive  at  the  fixed  fide  of  the  reftangle  ;  fo  thnt  o  here  is  not  abfolute 
nothing,  but  it  is  a  line,  which  however  may  be  luokcd  upon  as  o,  if  com- 
pared with  the  reftangle  ;  and  the  reftangle  as  J.,  or  iniuiite,  if  compared 
with  the  line.  In  like  manner,  a  point  and  a  rtftangle  are  as  o,  or  nc- 
tliing,  when  refpcitively  compared  with  a  line  and  a  parallelopiped  ;  and 
thefe  laft  as  i.,  or  infinite,  when  refj  e£tively  compared  with  the  two  firft. 
Thus  we  fee  that  the  fenfe  of  the  o  is  always  to  be  determined  by  the  fub- 
jcft  into  which  it  is  introduced.  See  Emerfon's  P.  S.  to  the  2d  edition  of 
his  Algebra,  where  he  replies  to  the  Reviewers,  who  had  mifundcrflood 
the  very  elegant  folutions  of  his  73d  and  74th  problems. 

The  ift,  3d,  6th,  and  7th  corollaries  to  the  former  cf  thefe  probleir.s 
will  be  ufeful  in  this  place. 

"  Cor.  I.    If  o  multiply   any  finite   quantity,  the    produft   will    be 
nothing. 

"  Cor.  3.    If  a  finite  quantity  be  divided  by  o,  the  quotient  is  infinite. 

"  Cor.  6.    Adding  or  fubtrafling  any  finite  quantities  to  or  from  an  in- 
finite quantity,  makes  no  alteration. 

"  Cor.  7.    Therefore,  in  any  equation  where  are  fome  quantities  in- 
finitely kfs  than  others,  they  may  be  thrown  out  of  the  equation." 

VV.  D. 
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and  confoqucnlly  wc  may  confider  X — Fas  the  diiTcrcncc 
'LetwGcn  an  auxiliary  quaniity  A  +  (A' — F)  and  its  limit 
y/,  and  this  diHcrence  (by  article  19.)  is  an  inCnitcly  ImaU 
squantity.  It  may  tb.«reiore  be  afiirmed,  in  general,  that  An 
injimtely  fmall  quantity  is  the  JifJ'crencc  hctivccn  tiuo  auxiliary 
quantities  luhich  hwjc  the  fame  ihii'it. 

26.  Two  quantities  cannot  have  the  fame  third  quantity 
for  their  limit,  unlefs  the  ultimate  ratio  between  thofe  two 
■quantities  themfelves  be  a  ratio  of  equality.     For,  fince,   by 

the  fuppofition,  the  limit,  or  ultimate  value  of  —  is  i,  and 

J" 
ihat  of— •    is  dfo  I,    it  is  evident  that   the  limit,   or  ulti- 

(4) .  .,  ..    .     .    (4-) 

mate  value  of  ~~,-^    is   hkcwile   unity.      Kow  — 7^—     = 

X  ...  X 

;    and    therefore    the   limit,    or   ultimate    value   of  -V 

3S  I ;  that  is,  the  ultimate  ratio  of  X  to  F  is  a  ratio  of 
■equality.  It  may  therefore  be  afiirmed,  in  general,  That 
An  inji nit  ely  filial  I  quantrty  is  the  ratio  which  the  aijfercnce  of 
iiuo  quantities,  ultint-atiJy  in  the  ratio  of  eqiialily,  has  for 
each  of  thcfe  t-iuo  quantities. 

27.  In  fine,  it  may  evidently  be  farther  affirmed,  That  An. 
infinitely  fmall  quantity  is  an  unafjigned  quav-lify,  to  which 
is  at  fii'fl  attributed  any  arbitrary  'value  whate-vcry  and  which 
is  aft eroj ar ds  fiippojcd  to  decrea/e  injenfibly  till  it  -arrive  ut  <x, 
or  zero.  Thus,  in  general,  v.hen  it  is  faid,  Let  Z,  for  ex- 
ample, be  an  infinitely  fmall  quantity,  it  is  precifely  tanta- 
mount to  faying,  Let  "Z.  i e  any  arbitrary  qtiantity  whatever^ 
(and  confequently  auxiliary,  for  affigned  quantities  cannot 
be  arbitrary)  and  let  us  afterguards  fuppofe  that  quantity  (Z) 
to  deer  cafe  continually  uUit  come  to  o,  or  zero  *. 

28.  A  quantity  is  f;ud  to  be  infinitely  fmall  relatively  to 
another  quantity,  when  the  ratio  of  the  firll  to  the  fecond  is 

'■'  In  the  z^th,  t(M\  and  27th  articles,  the  author  gives  us  different 
adeas  of  an  infinitely  fmall  quantity  ;  but  which,  if  duly  conftdered,  will 
Vjc  found  to  amount  nearly  to  the  fame  ihiii^.     V>\  D. 
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aji  infinitely  fitiall  quantity;  and,  reciprocally,   the  fecond  xd 
faid  to  be  infinite  or  infinitclv  great,  relatively  to  the  firft. 

29.  'l\vo  quantities  are  faid  to  dijjcr  injhiitely  little,  or  to 
he  infinitclv  little  dijfiere'iit,  from  one  another,  when  the  ratio 
of  the  one  to  the  other  diOers  from  unitv  only  by  an  in- 
finitely fmall  quantity;  fo  that  their  ultimate  ratio  is  a  ratio 
of  equality,  ami  fucii  evidently  are  ^S  and  MP. 

30.  The  Infinitffimal  Calculus  may  be  defined  to  be  the 
art  of  dlfcoverino;,  by  the  help  of  quantities  called  Infinitefi- 
mals,  the  proportions  or  relations,  whatever  thev  may  be, 
which  fubfift  between  the  difl'erent  parts  of  any  fyilem  of 
quantities  propofed. 

Thefe  infinitefimal  quantities  being  nothing  more  than 
auxiliary  quantities,  introduced  into  the  calculation  only  to 
facilitate  the  exprefiion  of  the  conditions  of  any  propofed 
problem,  it  is  evident  that  they  muft  neceflarily  be  eliminated 
out  of  the  calculation,  in  order  to  obtain  the  defircd  refult, 
namely,  the  relations  fought.  Thus  w^e  iDay  in  fome  re- 
fpc<Sls  affirm.  That  every  Infinitefimal  Calculation  n  an  un- 
finijhed  calculation ;  for  in  faft,  as  foon  as  the  auxiliary- 
quantities,  which  are  not  cfilential,  come  to  be  eliminated, 
the  calculation  ceafes  to  be  infinitefimal,  and  ia  every  thing 
refembles  an  orcHnary  algebraic  refrdt  *. 

To  complete  the  explanation  of  the  principal  terms  which 
relate  to  the  theory  of  Infinites  in  general,  it  remains  for  me 
to  fl:ate  what  I  underlland  by  an  imperfect  equation. 

31.  I  call  every  equation  uln  Impcrfttl  equation,  whofe 
two  fides  are  unequal  quantities,  the  difterence  however  be- 
tween them  being  mfiiiitelv  fmall ;  or,  which  comes  to  the 
fame  thino;,  Every  equation  is  imperfeft,  the  two  fides  of 
which,  though  unequal,  have  Jor  their  ultimate  ratio,  the 
Fatio  of  equalitv. 

Thus,   for  example,    the  fal/e  equations,    TP   =  y 


RZ 

and   — -^  ~  — ^ —   (fee  article  o.)  are  what  I  call  imperfeft 
KZ  a  — X     ^  ^ 

'■■  Every  one  knows,  indeed,  that  a  calculation,  in  which  Infinitefimal 
quantities  have  any  place,  is  not  fuppoied  to  be  finillied,  and  that  we 
s\evcr  think  the  rciak  accurate  till  all  the  iufirittrucal  quantities  are  en- 
tirely eliminated. 

,  equations- J 
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equations;  becaufe  the  quantities,  neglc^led  In  the  accurate 
equations,  whence  they  are  derived,  are  infinitely  fmall  quan- 
tities. On  the  theory,  therefore,  of  this  kind  of  equations 
is  founded  the  folution  of  the  queftion  before  handled,  and 
that  of  all  quellions  of  that  fort.  For  this  reafon  it  is,  that 
I  Ihall  proceed  to  inveftigate  the  principles  of  the  theory  of 
impcrfecl:  equations,  which  is  the  foundation  of  the  Infiulte- 
linial  Calculus,  or  rather,  which  is  itfclf  that  calculus. 
[  i  o  He  fontinucil.J 


V.    Account  of  C.  F.  D.-'iMBERGER's   Travcls  through  the 
interior  r  arts  of  Africa ,  from  the   Cape  of  Good  Hope  to 

Morocco  *. 


X  HIS  adventurous  traveller,  a  native  of  Germany,  and 
brought  up  to  the  bufinefs  of  a  carpenter,  enlifted  at  Anifter- 
dam,  in  the  year  1781,  as  a  foldier  in  the  fervice  of  the 
Dutch  Eaft  India  Company,  with  whom  he  entered  into  an 
engagement  for  feven  vears.  On  the  21ft  of  June  he  failed 
from  the  Texel,  and  on  the  2i(l  of  September  arrived  at  the 
Cape  of  Good  Hope,  where  he  was  conveyed  to  the  hofpital 
along  with  eighty-four  other  fick,  who  had  come  out  in  the 
fame  veflel.  After  being  a  month  in  tlie  hofpital,  he  was 
relieved  from  military  duty,  bv  being  taken  into  the  fervice 
of  Mr.  Brand,  the  poftmafter  at  the  Cape  and  prefident  of 
the  council,  who  fent  him  to  P'alfe  Bay,  where  he  remained 
a  whole  year,  employed  in  various  labours,  fuch  as  loading 
and  unloading  fliips,  cutting  down  wood  in  the  mountains, 
and  other  things  of  the  like  kind. 

Soon  after  he  was  promoted  bv  his  matter  to  be  his  houfe- 
fteward,  and  in  this  fituation  difcharged  his  duty  for  fome 
time  to  the  complete  fatisfaftion  of  his  employer,  who  after- 
wards carried  him  back  with  him  to  the  Cape  Town  ;  but 
having  quarrelled  with  his  mlrtrefs,  he  found  himfelf  expofcd 
to  fo  much  ill-treatment,  that  he  refolved  to  defert,  and  to 
make  his  way  to  Europe  by  land.  In  order  that  he  might  be 
better  able  to  carry  this  plan  into  execution,  he  requefted  his 

"  From  C.  F.  Darr.bergcr's  Landreifc  in  das  inncre  von  Afrik.-,  in  d(.n 
Jdbien  i-"i  bis  1797.     Leipzig,   iSoi, 
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mader  to  fend  l)lm  back  to  Falfe  Bav,  where  he  exported  he 
lliould  have  an  opporlunitv  ot  etllcling  his  clcape  with  the 
lefs  danger  of  detedlion.  This  requeil  was  granted,  and  he 
fet  out  for  the  Bav  on  the  i4lh  of  November  1783,  after  hav- 
ing put  his  box  into  t'  e  Companv's  waggon,  received  twelve 
months  pav  due  to  him,  and  difpofed  of  various  articles 
whieh  he  confidered  as  entirely  ufelefs  for  his  intended  expe- 
dition. 

Among  the  Dutch  troops  at  the  Meifcnberge  was  a  cor- 
poral named  Martens,  a  native  of  Hanover,  who  having 
accompanied  Colonel  Gordon  on  a  journey  into  the  interior 
part  of  the  country  as  far  as  CafFraria,  had  conftruded  a  map 
of  the  diftricfts  through  which  he  had  pafied  and  prefented  it 
to  the  Conijiany,  under  an  idea  that  he  lliould  be  rewarded 
for  his  trouble  ;  but  inllead  of  a  reward,  he  was  enjoined^ 
under  the  pain  of  fevere  punifliment,  never  to  atten^pt  any 
thinij;  of  the  like  kind  in  future.  This  man  however  was  fo 
fond  of  thefe  purfuits,  that  he  ftill  amufed  himfelf  with 
making  charts,  and  our  traveller  after  fome  difficulty  pre- 
vailed on  him  to  allow  him  to  copy  fome  of  them  in  order  tv") 
aflifl  him  in  his  cnterprife. 

On  the  24th  of  December,  everything  being  ready  for  his 
journey,  he  obtained  leave  of  abfcnce  from  the  fers;eant  011 
command  under  pretence  of  going  to  the  Cape  Town,  but 
proceeded  towards  Siielenbufch,  fo  called  from  a  governor  of 
^the  name  of  Van  Stiel,  who  formerly  prefided  over  the  Dutch 
fettlements  at  the  Cape,  where  he  arrived  next  evening. 
Being  acquainted  with  the  bailiff  of  this  farm,  who  had  often 
feen  him  at  Mr.  Brand's  houfe,  he  accofted  him  with  con- 
fidence, and  was  received  in  a  very  friendly  manner,  efpecially 
as  he  told  him  that  he  was  go'ng  to  his  mafter's  plantation, 
to  fee -that  every  thing  was  properly  conducted. 

At  this  place  Damberger  purchafed  a  new  fowling-piece, 
and  on  the  26th  proceeded  to  the  farm  of  another  acquaint- 
ance, named  Munch,  from  whom  he  obtained  two  pounds 
of  powder  and  thirty  balls.  On  the  27th  he  came  in  fight  of 
his  mafter's  farm,  but  did  not  approach  it  till  the  evening,  left: 
he  ftiould  be  obfervcd  bv  the  bailiff'.  As  foon  as  it  was  dark 
he  went  privately  into  the  apartment  inhabited  by  the  llaves, 
V^UL,  VI  I.  I  i  whom 


34^  Travels  through  the 

\vliom  he  rcqueftcd  not  to  fay  any  thing  of  his  arrival,  artd'y 
after  partaking  of  fonic  rcfrelhment,  retired  to  reft,  but  with 
X  mind  fo  agitated  that  he  enjoyed  very  httlc  deep.     Next 
morning  at  day-break  he  continued  his  journey,  andoti'tho 
19th  of  February  reached  Blettenbersc's  Bay,  where  he  pur- 
chafed  fevcral  things  necellary  for  his  intend'-d  expedition, 
fuch  as  a  calabafli  to  hold  water,  a  few  more  pounds  of  pow- 
der,  a  flint  and  fteel,  matches,  &c.     During  the  few  days 
that  he  remained  here,    he  took  up  his  lodging  iu  the  houfe 
of  a  perfon  named  W^glmeyer,  who  was  not  then  at  home  ; 
but  he  was  kindly  entertaiued  by  his  wife,  and  he  embraced 
this  opportunity  of  obtaining  from  the  Hottentots  in  the  fa- 
mily every  information  poflible  refpefting  the  route  he  in- 
tended  to  purfue.     Th«  country   around  this  place  has  a 
beautiful  appearance,   and  i«  exceedingly  fertile  ;  it  abounds' 
with  timber  of  every  kind,   and  has  a  good  fiipply  of  ex- 
cellent water.     When  Voglmeycr  returned,   which  was  on 
the  2^^th  of  February,  he  received  our  traveller  with  great 
friendfliip,  but  at  the  fame  time  told  him  that  he  knew  he 
was  a  dcferter,  and  that  he  would  fend  him  back  to  the  Cape, 
w^here  he  was  fare  he  fliould  be  well  rewarded  by  his  maftei*. 
He  however  entertained  no  fuch  delign ;   for,  after  being  in- 
formed of  Daniberger's  real  views,  be  furnlflied'  him  with  2 
knapfack  made   of  a  ealf's  (kin,  a  hand-bill,  with  feveral 
other  fmall  articles,  ami  wifhed  him  a  good  journey. 

Our  traveller,  who  had  now  got  to  the  difti-ance  of  74 
miles  from  the  Cape,  again  fet  out  o-n  the  26th  of  February, 
and,  purfuing  his  way  towards  Caffraria,  arrived  next  day  at 
the  firft  Hottentot  kraal  he  had  feen,  wdii'ch  eonfiftcd  of 
about  twenty  huts.  In  this  kraal  he  remained  nine  days,  at 
the  end  of  which  time  he  had  an  opportunity  of  continuing 
his  journey  in  company  with  fome  Hottentots  of  another 
kraal,  who  had  come  hither  to  procure  fheep.  Having  pro- 
ceeded two  miles  with  great  difficulty  through  the  long  grafs, 
which  rendered  their  progrefs  exceedingly  tedious  and  tire- 
fome,  they  halted  for  the  night  on  the  banks  of  the  Silver 
Kivcr;  but  were  unable  to  flccp  for  fear  of  the  wolves,  which, 
altracled  by  the  fhccp,  kept  prowling  around  them  ;  as  they 
were  afraid  of  kindling  fires  to  frighten  them  away,  left  they 
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•{ItouM  fet  fire  to  the  grafs,  which  was  exceedingly  loDg  and 
alnioll  dry. 

In  the  morning  they  reached  tlie  fummit  of  the  Milk 
Mountains,  where  they  found  good  pafture  ;  thev  therefore 
ffft  down  to  brcakfaft,  and  turned  their  flieep  loofe  to  feed  ; 
but  fcarccly  had  they  put  a  morfel  to  their  mouth,  when  they 
efpied  ten  men  rapidly  advancing  towards  them.  Our  tra- 
■veller  having  foon  learned  from  his  companions  that  thele 
flrangers  were  Bofnmen,  who  no  doubt  would  attempt  to 
plunder  them  of  their  (liecp,  he  endeavoured  to  infpire  them 
with  courage,  and,  immediately  loading  his  piece,  fired  it  at 
the  enemy,  one  of  whom  fell ;  the  reft  then  difcharged  their 
aflagays,  and  betook  themfelves  to  flight. 

Next  morning  our  traveller  arrived  at  the  kraal  where  his 
companions  redded.    As  he  was  much  fatigued,  having  fpent 
feveral  nights  without   the   leaft  repofe,   he   threw   himfelf 
down  in  one  of  the  huts  and  enjoyed  a  found  flcep.     When 
he  awoke  the  Hottentots  brought  him  fome  -milk  and  roaft 
mutton;  and  whilft  he  was  partaking  of  this  repaft  the  chief 
of  the  horde  entered  the  hut  in  his  drefs  of  ceremony,  and, 
bowing  feveral  times  before  him,  thanked  him  for  the  aflift- 
ance  he  had  given  to  his  countrymen.     The  chief  then  told 
him  that  thefe  Boflimen,  a  few  days  before,  had  ftolen  from 
the  kraal  thirty  flieep.     Our  traveller,  in  confoquence  of  this 
information,    inquired  what  might  be  the  flreiigth  of  the 
horde,  and  where  they  refided.     Being  informed  that  they  - 
confi-iltd  of  about  thirty  men,  and  that  they  refided  at  a  place 
in  the  mountains  a  few  miles  dtftant,  where,  to  guard  againft 
the  danger  of  an  attack,  they  had  fortified  themfelves  behind 
a  kind  of  abbatis,  and  were  furniilied  with  a  great  number  of 
ftones,  he  told  the  Hottentots  that  he  thought  it  not  impof- 
fible  to  drive  them  from  their  lurking-place,  and  offered  to 
kad  the  attack,  if  they  would  promife  t©  fupport  him.     The 
chief   lifiened  to   this    propofal   with    great   pleafure,   as    it 
held  forth   hopes   of  recovering   the   ftolen   fheep  ;    but  he 
ftarted  fome  objections  as  to  the  pradicability  of  carrying  it 
i-nto  execution.     It  was  however  at  laft  agreed  that  the  at* 
tempt  fliould  be  made,   and  Damberger,  after  giving  proper 
iuftructions  to  the  Holtcnlots,  defired  each  to  furnifh  himfelf 
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with  a  ftout  cudgel,  a  bundle  of  dry  grafs,  and  a  little  diy 
wood.  As  foon  as  it  grew  dark,  they  proceeded  in  great 
filence  towards  the  mountain,  where,  as  loon  as  they  arrived, 
our  traveller  divided  the  whole  troop  into  two  bodjies,  one 
under  his  own  command,  and  the  other  under  that  of  the 
chief.  They  then  rallied  towards  the  firft  f^nce,  which  being 
inftantly  fct  on  lire,  the  flames  were  foon  fpread  by  the 
wind,  and  in  a  little  while  the  whole  mountain  feemed  to 
form  one  general  conflagration.  They  now  proceeded  to  a 
place  at  the  bottom  of  the  mountain,  by  which  it  was  fup- 
pofc'd  the  enemy  would  be  obliged  to  make  their  efcape. 
Here  they  had  not  long  waited,  when  they  heard  a  dreadful 
howling,  and  faw  feveral  of  the  Boflimen  halffcorched  rufli- 
ing  through  the  flames.  To  terrify  them  the  more,  and  at 
the  fame  time  to  give  a  more  general  fignal  to  the  Hotten- 
tots to  attack  them,  our  traveller  difcharged  his  piece  among 
the  flying  enemy,  who  were  attacked  with  fuch  fury  by  his 
Hottentot  allies,  that  this  whole  horde  of  plunderers  were  ex- 
tirpated. Next  morning  they  not  only  recovered  fome  of  the 
ftolen  fheep,  but  found  ieveral  more  which  had  belonged  to 
the  enemy.  When  the  conquerors  returned  to  the  kraal, 
they  were  received  with  great  joy.  ^  s  our  traveller  found 
himfelf  much  fatigued  by  the  expedition,  he  retired  to  enjoy 
fome  reft  in  the  chief's  hut,  but  the  Hottentots  fpent  the 
whole  night  in  rejoicing  on  account  of  their  vi6lory. 

Damberger  continued  two  weeks  among  thefe  people,  who 
treated  him  with  great  refpe6l ;  but  as  it  was  then  the  molt 
favourable  period  for  travelling,  he  refolved  to  proceed  and  to 
take  advantage  of  the  winter  feafon,  as  it  is  called,  which, 
takes  place  in  April,  and  which  however  is  diftinguifhed 
only  by  the  weather  being  rainy  and  the  air  cooler. 

In  confe(juencc  of  this  refolution  he  left  the  kraal  on  the 
25th  of  March,  and  direcled  his  courfe  eaftwards  towards 
Fifli  River,  but  with  fome  caution  to  avoid  falling  in  with 
any  of  the  Dutch  plantations,  of  which  there  were  feveral  in 
the  neighbouring  diflri6ls.  After  paffing  another  kraal  he 
took  up  his  lodging  for  the  night  in  a  third,  which  was  the 
laft  within  the  jurifdjAion  of  the  Dutch  Eaft  India  Compa;)y. 
It  was  fituated  on  the  Fifh  Ri\cr,  at  a  place  where  it  divides 
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ilfclf  into  two  arms,  one  of  which  flows  between  the  moun- 
tains and  the  Dutch  colonics,  and  the  other  into  the  Sih'cr 
JRiver  already  mentioned. 

The  author  in  fpeaking  of  the  Hottentots  fays,  ".Mr. 
Vaillant  has  given  a  very  ample  defcription  of  the  manners 
and  cuftoms  of  thefe  people,  i)ut  he  is  not  always  corrcft. 

"  The  chief  of  a  horde  bears  the  title  of  Montur.  This 
office  however  is  not  hereditary,  and  the  perlons  chofen  to 
fill  it  are  thofe  who  have  diftinguiflied  thcmfclves  by  fomc 
heroic  aftion,  fuch  as  killing  fome  favugc  animal,  or  obtain- 
ing a  vi6lory  over  the  enemy.  The  chief  of  each  kraal, 
whether  it  lies  within  the  jurifdiclion  of  the  Dutch,  or  not, 
receives  from  the  Company  a  large  cane,  having  at  the  top 
a  filver  knob,  infcribcd  with  the  Company's  armSj  and 
which  is  borne  by  the  chief  on  folemn  occafions.  Each 
Hottentot  alfo  receives  annually  two  pounds  of  tobacco  and 
t\\  o  bottles  of  brandy ;  but,  in  return,  muft  endeavour  to 
learn  in  fome  meafure  to  underltand  the  Dutch  language. 
Thofe  who  relide  among  the  planters  learn  it  with  great  eafe; 
but  thofe  who  live  at  a  diftance  mull:  embrace  fome  other 
opportunity  of  learning  it :  and  when  the  JMonturs  go  to  the 
Cape  Town,  they  muft  always  carry  with  them  fome  men 
belonging  to  their  horde,  to  whom  various  6ccupations,  fuch 
as  cutting  wood,  &c.  are  affigned  in  the  caftle,  that  they  may 
become  familiar  with  the  language  by  frequenting  the  com- 
pany of  the  foldiers,  and  the  inhabitants.  When  the  Mon- 
tur goes  to  the  Cape  the  next  vear,-  he  carries  with  him  fome 
more  of  his  countrymen,  and  thofe  who  came  the  preceding 
year  return.  Thefe  Hottentots  are  perhaps  the  Jazieft  people 
in  the  world  ',  but  in  many  parts  of  their  country  they  are 
deditute  of  water,  Thev  leave  the  moft  fertile  fields  unculti- 
vated, and  only  plant  here  and  there  a  little  Turkilh  corn. 
Their  chief  occupations  are  the  rearing  of  cattle  and  hunting, 
but  they  purfue  the  latter  only  when  compelled  by  neceflity 
and  the  want  of  food.  They  pay  little  attention  to  fifliing, 
though  they  have  very  good  opportunities,  efpecially  in  win- 
ter, of  catching  fifh  without  great  exertion.  There  have  been 
jnftanccs  of  their  enduring  hitnger  for  feveral  days  rather  than 
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give  thcmfelves  the  leaft  trouble  to  fearcli  for  food.  Tlic 
Company  have  frequcntlv  olTered  to  iupplv  them  with  nets, 
com,  and  other  ariicles,  and  to  ailign  lauds  to  them  nearer 
the  Cape,  if  they  would  onlv  hecomi'  a  little  more  aftive  and 
induftrJGus — bat  without  the  lead  efi'cd:;  as  thev  believe  that 
in  this  cafe  thev  Ihould  be  expofed  to  more  bodily  labour. 
They  prefer  liviny;  in  poverty  in  the  midit  of  the  deferts,  in 
a  ftate  little  fupcrior  to  that  of  tlicir  cattle  ;  and  are  fo  timid 
as  to  fuffer  thcmfelves  to  be  driven  fometimes  towards  the 
South  by  the  Caffres,  and  fometimes  towards  the  Eaft  by  the 
Eofhmcn.  If  they  could  only  afTnme  a  little  courage,  they 
would  foon  make  their  enemies  fenfible  of  their  power  j  but 
they  have  very  little  care  for  the  future. 

**  The  women  are  very  a6live  in  the  management  of  their 
<iomeftic  economy,  but  have  a  coniiderable  degree  of  vanity, 
for  they  employ  a  great  deal  of  their  time  in  ornamenting 
frieir  perfons.  To  a  nnother  a  child  is  a  great  treafure,  and 
the  hufband  dare  never  prefume  to  take  it  into  his  hands  as 
Jong  as  it  is  at  the  breaft,  though  in  other  refpefts  he  treats 
his  wife  as  his  ilave.  This  right  has  been  claimed  by  the 
mothers  in  confequence  of  the  cruelties  formerly  pra6tifed 
by  the  fathers  ;  for,  when  the  Portuguefe  firft  vifited  this 
country,  many  of  the  men  fold  their  children  to  them  for 
brandy  or  tobacco ;  this  incenfed  the  mothers,  and  therefore 
they  affumed  the  above  privilege.  A  child  is  fuckled  for 
four  nK)nthp,  during  which  time  the  mother  in  the  day 
carries  it  about  on  her  back  wrapi^ed  up  in  a  fheep's  (kin, 
but  in  the  night  places  it  in  her  bofom  ;  after  that  period  it 
is  fuffercd  to  he  on  a  mat  fpread  out  on  the  grafs,  and  has 
the  fame  food  as  the  red  of  the  familv. 

**  I  was  much  pleafed  with  their  treatment  of  the  dead. 
They  never  bury  them  until  every  mean  poffible  has  been 
tried  to  recall  them  to  life.  Thofe  who  die  of  chronic  or  lin- 
gering ilifeafcs,  they  fliake  and  beat  on  the  ribs  with  their 
fids  ;  if  they  exhibit  no  figns  of  life,  they  are  interred  the 
fame  evening,  but  not  until  iimilar  experiments  have  been 
tried  to  revive  them.  On  young  perfons  who  die  fuddenly 
*ther  methods  are  tried  ;  the  Xolcs  of  their  feet  are  pricked 
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vltli  aflfiigavs  *,  pieces  of  red  hot  Iron  arc  applied  to  tliein 
!nofe,  and  their  bodies  arc  well  rubbed  ;  but  if  no  figns  of 
l>tc'  appear,  thcv  are  committed  to  the  earth  next  evening. 
The  corpfe  is  immediately  carried  out  from  the  hut,  and 
watched  by  fome  of  the  relations,  who  do  the  fame  thing  for 
Iwenty-cioht  days  after  it  has  been  buried,  m  order  to  pre- 
vent it  from  being  torn  up  bv  wild  bealls. 

Our  traveller  refumed  his  journey  on  the  25th,  directing 
his  courle  towards  Fifli  River,  aiKJ  on  the  29th  entered  Caf- 
fraria,  where  at  firfl;  he  had  to  afcend  fteep  niountains,  but 
towards  evening  defcendcd  into  the  level  country.  After 
paffing  through  feveral  hordes  of  CafTres,  by  whom  he  wm 
in  general  well  received,  he  arrived  at  a  kraal  confifting  of 
127  huts,  and  containing  1400  inhabitants.  As  he  was  here 
treated  with  great  friendthip,  he  remained  fome  weeks  ;  and 
havinEC  heard  from  the  natives,  amoncr  whom  he  faw  feveral 
Kuropean  articles,  that  a  (hip  had  been  Ilranded  on  the  coalt, 
at  a  place  lyiag  at  the  difta:ace-  of  two  days  journey,  he  re- 
iblved  to  go  thitbcr,  and  prevailed  ow  fome  of  the  CafTres  to 
accompany  him.  They  accordingly  fct  out  on  the  27th  of 
April,  and  next  evening  reached  the  remaiiis  of  the  veflel^ 
which  were  lyinc;  in  a  bay  between  Fifh  River  and  the  ri'<-i.r 
St.  Lucia.  Here  they  found  feveral  half-putrid  bodies,  moft 
of  them  pierced  with  wounds,  fc:U.tered  about  on  the  (bore, 
and  intermixed  with  caflcs,  cheds,  bales  of  cotton,  and  other 
articles,  entirely  fpoilt  bv  the  fea  water  and  the  fun.  What 
chiefly  attrafted  the  notice  of  the  CaflVcs  was  the  iron  work 
belonging  to  the  flilp,  of  which  thev  colicfted  as  much  as 
they  could.  After  burving  the  bodies  f,  and  picking  up 
various  articles,  among  which  was  a  pocket  corapafs,  they 
fet  out  to  return.     The  compafs,  which  was  not  injured,  fell 

*  The  poinrs  of  their  aflagays  are  not  poifoned  except  when  they  go  out 
lo  attack  their  eneirifes. 

t  This  fhip  had  been  left  in  confeq^ience  of  a  mutiny  which  broke  out 
among  the  crew,  who  {\\'i\  murdcied  their  officers,  and  then  ran  ti  e  veflel 
on  Ihore.  The  crew  then  landed,  and  wandered  ab  >ut  in  the  country, 
where  rhev  either  fell  a  ficrince  to  the  climate  or  were  inafTacred  by  the 
CafTres.  Of  the  whole  ftiig's  company  four  only  efcaped,  and  of  thcfe  four 
two  died  of  their  woundd.     The  other  two  niadt  their  way  to  the  Cap". 

SO 
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to  ihc  lot  of  our  traveller,  who  confidercd  it  a?  an  acquifitiotl 
of  IK")  fmall  importance. 

On  the  20th  of  Mav,  Damberfrer  took  leave  of  thefe 
friendly  Caffres,  and,  after  encountering  confiderable  dangers 
and  difficulties  between  that  period  and  the  nth  of  July, 
directed  his  courfe  eaftwards,  with  a  view  of  proceeding  to 
r.gypt.  Towards  evening  he  difcovcred  fome  huts  at  a 
dilbnce,  but  was  not  able  to  reach  them  ;  he  therefore  lay 
tlown  on  the  grafs  with  his  head  on  his  bundle  to  enjoy 
a  little  rert,  but  was  (<)on  roufed  by  four  Caffres,  who  con- 
ducted him  to  their  huts.  Here  he  was  robbed  of  his  fowl- 
ing-piece and  bundle,  but  they  were  both  afterwards  reftored. 
He  was  attacked  alfo  with  a  violent  pain  in  his  bowels;  but 
on  making  known  his  complaint  to  one  of  the  Caffres,  he 
cave  him  fome.dried  leaves  to  chew,  which  a6led  as  a  ftrong 
emetic,  and  foon  afforded  him  relief. 

Amono-  the  next  horde  whom  he  vifited  he  was  more  un- 

o 

fortunate,  being  robbed  both  of  his  bill  and  his  fowling- 
piece;  the  former  he  recovered,  but  the  latter  was  broken  to 
pieces  bv  the  Caffres  in  order  that  they  might  convert  the 
iron  part  of  it  into  points  for  their  affagays. 

Soon  after  leaving  this  horde  he  was  obliged  to  pafs  the 
night  in  the  open  air  on  the  banks  of  a  rrvulet,  where  he 
made  a  lar^e  fire  to  frighten  awav  the  wild  animals,  but  was 
unable  to  deep  a  moment  on  account  of  the  multitude  of 
fnakcs  which  fwarmed  around  him  ;  and  towards  morning  he 
faw  himdreds  of  large  baboons.  The  latter  had  taken  up 
their  ftation  on  all  the  neighbouring  trees,,  and  did  not  feem 
in  the  leaft  Ihy  or  afraid. 

Of  thefe  people  the  author  fays,  "  This  nation,  as  well  as 
feveral  more  of  the  .\frican  tribes,  are  accufed  of  indolence, 
but  I  am  convinced  that  the  induftrious  Europeans,  if  tranf- 
ported  hither,  would  be  equally  inactive.  The  heat  opprefles 
the  labourer  too  much,  and  cxhaufts  the  powers  of  the  body ; 
to  this  it  may  be  added,  that  mod  of  thefe  tribes  are  dcltitute 
of  the  neceffary  implements,  fuch  as  fpades,  hoes,  &c.  and 
the  ground  is  fo  hard  that,  before  any  other  tool  can  be  ufed, 
it  mufl:  be  cut  up  with  a  fort  of  pickaxe.  The  cultivation 
gf  the  few  fields,  which  are  fown  here  with  Turkifli  wheat, 
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confumes  a  great  deal  of  lime  and  requires  much  labour.  T 
obferved  that  two  flout  active  men  could  till  in  a  day  no 
more  than  fix  feet  fquare.  The  land,  after  being  fown,  was 
covered,  to  the  height  of  two  inches,  with  fand,  in  order  that 
the  exceffive  heat  might  not  too  foon  dry  up  the  moifture, 
and  to  prevent  the  ground  from  cracking  by  the  drought  and 
the  rain.  Thev  derive  more  advantage,  without  much  la- 
bour, from  rearing  of  cattle,  and  from  hunting  and  filliing. 
This  nation,  indeed,  have  a  ftrong  propenfity  to  dealing,  but 
they  never  commit  murder ;  and  much  Icfs  do  they  devour 
human  flefh.  Several  Europeans  *,  however,  who  have  vi- 
fited  thel'e  people,  aflert  that  they  eat  human  flefli  with  great 
aviditv;  but  this  is  abfolutclv  falfe.  If  a  traveller  underftand 
their  language  he  has  nothing  to  fear,  efpecially  if  badlv 
clothed  and  in  poirellion  of  no  articles  of  value.  If  they  take 
any  thing  from  him,  he  may  relt  allured  that  they  will  give 
him  fomething  of  theirs  in  return  if  he  a(ks  for  it. 

"The dead  are  interred  at  fomediftancefrom  the  kraal, and 
the  relations  kindle  a  large  fire  near  the  fpot,  which  they 
maintain  three  days,  to  prevent  the  favage  animals,  that 
might  be  attracted  by  the  fmell,  from  coming  to  tear  up  the 
body.  Fewperfons  die  in  the  kraals,  as  the  fick  are  removed 
to  huts  fituated  at  a  diftance ;  for  they  believe  that  every  dif- 
eafe  is  infectious,  and  that  it  is  their  duty  to  guard  acrainlt 
the  contagion." 

After  a  (lay  of  three  weeks  among  thefe  people,  whom  our 
traveller  calls  the  Jamatians,  he  continued  his  journey,  and, 
crolhng  the  Makumbo  river,  entered  the  territories  of  the 
Muhotians.  Here  he  was  ai  fird  treated  with  great  harfli- 
nefs  and  feverity,  but  he  dill  found  friends  amono- the  female 
fex.  While  he  remained  with  this  tribe  he  was  condutled 
to  a  place  where  he  found  the  bodies  of  five  white  men  co- 
vered with  wounds,  and  apparently  pierced  with  aflaaays  : 
on  their  right  arms  he  obferved  the  figure  of  a  crucifix,  with 
the  letters  H,  I,  E,  M,  and  the  date  1779. 

On  the  fecond  of  0(!:tober  he  arrived  among  another  tribe 
called  the  Kamtarians,  who  inhabit  a  didrict  fituated  on  the 
jiver  Tambo,  and  who  live  chiefly  by  hunting  and  the  rear^ 
*  Koibc,  Sparmarn,  Patterfon,  SiC, 
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ing  of  cattle.  The  men  in  general  arc  of  low  ftature,  and  have 
fl^iort  woolly  hair.  Thefc  peoj)le  were  of  a  darker  complexion 
than  the  other  tribes  he  had  quitted.  Thev  confided  of  fix  or 
feven  thoufand,  of  both  fcxcs,  capable  of  bearing  arms.  The 
women  were  ot  larger  fize  than  the  men,  and  exceedingly 
bold  and  courageous.  The  greater  part  of  them  had  been 
carried  away  by  force  from  other  nations,  or  had  been  taken 
prifoners  in  war  and  retained  bv  the  men.  Thefe  people 
never  rear  their  female  children,  but  dcftrov  them  as  foon  as 
thev  are  born.  There  are  no  priefts  among  them,  though 
there  is  rcafon  to  think  that  they  arc  not  deftitute  of  religion. 
The  oldeft  inhabitant  in  each  village  acts  generally  in  the 
capacity  of  chief  and  judge.  I'olviiamy  is  allov.ed  among 
this  tribe  j  and  every  woman  not  pregnant  by  her  hufband 
is  at  liberty  to  cohabit  with  any  other  man  whom  flie  choofes, 
and  if  (lie  bring  forth  a  boy  to  him,  flie  may  become  his 
wife. 

Thefe  people  are  exceedingly  fuperftitious,  and,  when  the 
Icaft  misfortune  befidls  them,  (Init  thcmfelves  up  in  their 
huts,  where  thev  remain  totally  inaclive  for  three  or  four 
days.  'When  anv  one  of  their  nation  has  been  wounded  or 
killed  bv  wild  beafts  while  hunting,  thev  fav  "  he  offended 
the  great  god;"  but  if  fuch  an  event  take  place  in  the  night- 
time, and  particularly  by  moon-light,  they  fay,  "  he  offended 
the  little  god,"  and  on  that  account  was  punithed.  If  a  woman 
die  in  childbed,  which,  however,  is  feldom  the  cale,  flie  is 
buried  in  a  particular  fpot,  and  her  tamilv  mu(l  remain  fix 
moons,  at  fome  diftance  from  the  village,  in  huts  fet  apart 
for  that  purpofe,  without  having  any  interconrfe  with  the 
rtft  of  the  tribe.  If  a  won.an  bring  forth  a  male  child 
during  cloudy  wcaihcr,  or  when  the  moon  does  not  fliine,  it 
is  concluded  that  his  fatlier  has  offended  the  gods,  and  that 
the  boy  is  not  worthv  of  being  a  refpeclable  member  of  fo- 
cietv.  When  he  grows  up,  therefore,  he  is  employed  in  the 
moft  menial  office?,  fuch  as  cutting  wood,  guarding  the  cat- 
tle, and  other  feivices  of  the  like  kind.  Neither  circunicifion, 
jior  any  fimilar  practice,  is  known  in  this  country. 

If  a  woman  be  delivered  of  a  boy  at  a  foriunate  period,  the 
father  kills  a  goat,  and  gives  an  entertainment  to  the  friends 
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of  his  family.  The  dead  arc  generally  buried  by  iheir  rela- 
tions under  large  trees.  During  the  time  ot"  the  funeral  a 
Targe  fire  is  kindled,  in  which  the  efle^ls  of  the  dcccafcd  are 
burnt,  and  th(?  allies  are  thrown  into  the  grave.  The  fire  is 
kept  burning  till  tl>e  next  full  moon.  Whoever  lleaU  a  mar- 
ried or  unmarried  female,  may  keep  her  as  bis  wife ;  but,  if 
he  does  not  thoofe  to  do  fo,  he  n)ay  fell  her,  and  in  return 
generally  receives  a  flicep,  or  a  grcatcrx)r  Icfs  number  of  all'a- 
gays,  aceording  to  her  beauty.  Thefe  people  are  kind  and 
hufj)ilable  to  ftraneers. 

Bamberger  left  the  Kamtarians  on  the  ^th  of  06lobcr, 
and  on  the  30lh,  after  pafling  tiirough  part  of  the  kingdom 
of  Biri,  arrived  in  the  territories  of  that  of  Mataman.  The 
foverelgn  of  this  eountrv  rules  with  unlimited  power,  and  is 
lliled  Sohaawoiuy  that  is,  Chofen  by  the  gods.  The  crown  is 
hereditary  to  females  as  well  as  males.  When  one  of  the 
former  fucceeds,  (lie  mav  ehoofe  from  her  fubjetts  a  hufband 
to  participate  with  her  in  tlie  government.  The  perfon  fo 
chol'en,  however,  muft  be  firft  examined  by  the  oldeft  part  of 
the  communitv,  in  order  that  it  may  be  known  whether  he 
pofl'efles  the  talents  necefl'ary  for  the  intended  dignity.  The 
king  here  acls  in  the  capacity  ol  high-prieft,  prophet,  and 
tutor  to  the  youth.  His  decifions  are  refpected  even  when 
lie  judges  wrong.  He  pollefies  the  exclufive  privilege  of 
having  a  plurality  of  wives,  and  muft  inftall  the  inferior 
judges,  priefts,  Sec.  Ho  never  takes  the  field  againft  the 
enemv,  but  delegates  the  command  of  the  army  to  another. 
The  foldiers  are  brave,  and  exceedingly  expert  in  managing 
their  bows  and  arrows.  They  are  laid  to  amount  to  about 
30,000.  There  are  three  large  cities  ia  the  kingdom,  the 
capital  of  which,  called  Secnhofa,  lies  at  the  diltance  of  two 
days  journey.  This  city,  the  refidence  of  the  king,  our  tra- 
veller refolved  to  vifit;  and,  being  furnifhed  with  a  perfon  to 
fhow  him  the  wav,  foon  reached  the  place.  On  his  arrival 
he  repaired  to  the  JSIoh-.voia^ ,  who  gave  him  lome  corn  and 
four  milk,  Jfnd  conducted  him   ir.to  his  hut,  where  he  was 

'■■  This  is  the  name  given  to  tlv:  governors  appoj:  t.J  in  each  town  by 
:he  kjii^',  and  who  at^ljt  fume  time  -irt  a»  piis'As, 
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alloxved  to  pafs  the  night.  Next  morning  the  Mohwoia  car- 
ried him  through  a  long  (Ircct,  bordered  on  each  fide  with 
huts,  to  a  kind  of  green,  where  he  was  introduced  to  the 
king,  whom  he  found  ftanding  amidft  a  circle  of  his  attend- 
ants, and  who  appeared  to  be  about  forty  years  of  age.  The 
day  before  he  had  taken  four  florins  from  his  veft  *,  in  order 
that  he  might  make  an  offer  of  them  to  the  fovereign.  Thi> 
he  accordingly  did,  and  requeued  his  majefty's  proteftioii 
and  a  fupply  of  food.  The  prince,  after  looking  fome  time 
at  the  monev,  ordered  one  of  his  wives  to  fetch  fome  milk 
and  meal,  which  being  mixed  together  and  ftirred  round,  our 
tr.iveller  fat  down  on  the  ground  and  made  a  hearty  meal. 
He  then  accompanied  the  king  into  his  hut,  where  a  mat 
was  brought  for  him  to  fit  upon.  The  king  afked  him  for 
fome  more  money,  and  told  him  that  in  return  he  would 
make  him  a  kahfeeto  (fervant).  Damberger  protefted  that  he 
had  none;  but,  as  he  was  defirous  of  becoming  acquainted 
with  the  manners  and  cuftoms  of  the  country,  he  informed 
the  king  that  he  gratefully  accepted  his  offer.  Obferving, 
however,  fome  days  after,  that  he  was  confidered  in  the  light 
of  a  common  flave,  he  refolved  to  make  hrs  efcape  the  firft 
opportunity  he  could  find  for  that  purpofc. 

On  the  a9th  of  November,  having  been  obliged  to  accom- 
pany the  king  his  mafter  on  a  hunting  excurfion,  for  the  pur- 
pofe  of  carrying  a  calabafli  filled  with  water,  a  leather  bag 
containing  millet,  and  a  javelin,  in  pafilng  through  a  wood 
interfperfed  with  fmall  hills  he  pretended  to  be  fuddenly  taken 
ill  with  a  pain  in  his  bowels,  and  immediately  fat  down  on  one 
of  thcfe  eminences.  'Ilie  king,  not  fufpe6ling  any  deception, 
gave  him  pcrmifTion  to  remain  till  he  fliould  call  for  him,  and, 
taking  the  javelin  from  him,  proceeded  forwards  j  but  asfoon 
as  his  mafier  was  out  of  fight,  our  traveller  fet  off  as  faft  as 
he  could,  purfuing  a  northern  dire6lion  with  a  view  of  reach- 
ing the  mountains.  In  eroding  a  river  he  fl^umbled  againfi: 
a  ftone  and  hurt  his  foot,  by  which  means  his  progrefs  was 
confidcrably  retarded;  and  falling  in  foon  after  with  fome  of 

•  Some  time  before  this  period  the  reft  of  his  cloihcs  had  become  fo 
r^g^td  and  fiithy  that  he  was  obliged  to  burn  them. 
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the  natives,  they  compelled  him  to   take  upon  bis  back  a 

young  wolf  they  had  found,  and  to  return  with  them  to  a 

village  which  he  had  left  only  a  few  hours  hefore.     IJert  he 

was  detained  eight  days,  during  which  he  fuftered  confidcrably 

from  the  wound  in  his  foot;  but  being  at  length  fuffered  to 

depart,  and  proceeding  towards  the  territories  of  the  Seege- 

rians,  he  arrived  at  a  village  called  Mukofa,  fituated  on  an 

eminence. 

[To  be  continued.] 


VI.  Kxperimenis  on  the  Solar  and  on  the  Terrejlrial  Rays  that 
occajion  Heat;  with  a  comparative  Vieiv  nf  the  Laws  to 
zubich  Light  and  Heat,  or  rather  the  Rays  zuhich  occajion. 
them,  are  j'ubje6l,  in  order  to  determine  %uhether  they  are  the 
fame,  or  different.  By  William  Herschel,  LL,D. 
F.R.S. 

[Continued  fiom  Page  134.] 
14/Z)  Experiment.     RefraSion  of  the  Heat  of  a  Chim?iey-Flre. 


I 


PLACED  Mr.  Dollond's  lens  before  the  clear  fire  of  a 
large  grate*.  Its  didance  from  the  bars  of  the  era te  was 
three  feet;  and  in  the  fecondary  focus  of  it  was  placed  the 
thermometer  No.  i.  No.  4  was  ftationed,  by  way  of  Itand- 
ard,  at  3  inches  from  the  former,  and  at  an  eciual  didance 
from  the  fire.  Before  the  thermometers  was  a  flip  of  maho- 
gany, which  had  three  holes  in  it,  ^^  of  an  inch  in  diameter 
each.  Behind  the  centre  of  the  firft  hole,  |  of  an  inch  from 
the  back,  was  placed  the  thermometer  No.  i ;  and  between 
the  fecond  and  third  hole,  guarded  from  the  direft  rays  ot  the 
lire  by  the  partition,  at  the  fame  di dance  from  the  back,  was 
put  No.  4.  Things  being  thus  arranged,  the  fituation  of  the 
apparatus  which  carried  the  thermometers,  and  that  where 
the  lens  was  fixed,  were  marked.  Then  the  thermometers, 
having  been  taken  away  to  be  cooled,  were  redored  to  their 
places  again,  and  their  progrefs  niarked  as  follows  : 

*  See  Plite  VIII.  fig.  3. 
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1  Here,  in  nine  minutes,  the  rav* 
coming  from  the  fire,  through 
the  burning  glafs,  gave  9 1 
degrees  of  heat  more  to  the 
thermometer  No.  i,  than 
No.  4,  from  change  of  tem- 
perature, had  received  behind 
the  fcreen.  Now,  to  deter- 
\\  as  owing  merely  to  a  tranfmiffion  of 
heal  through  the  glafs,  or  to  a  condenfation  of  the  rays,  by 
the  refraction  of  the  burning  lens,  I  took  away  the  lens,  a3 
foon  as  the  lafi:  obfervation  of  the  thermometers  was  written 
down,  and  continued  to  take  down  their  progrefs  as  follows : 
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Here  the  direfl  rays  of  the 
fire,  we  fee,  could  not  keep 
up  the  thermometer  No.  i ; 
which  loft  2]:  degrees  of 
heat,  notwithftanding  the 
lens  intercepted  no   longer  v 


69^ 
691- 


I  now  reftored  the  burning  glafs,  and  conli- 
()i\\  Here  again,   the  lens  a6led  as  a 


roi- 


71 


61J 

611 
61IJ 


condenfer  of  heat,  and  gave  1  \ 
degrees  of  it  to  the  thermometev 
No.  1.  I  now  once  more  took 
away  the  lenS,  and  continued 
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the  expermient. 

25';-  71 

31  68 

rcftored  the  lens  once  mtire. 

No.  t .  No.  4 

Burning  Lens.      Scresned. 

si'"!  68  61 

^S  '  691  61 


}And  here  the  t 
received  i  \  deg 
again  ;  fo  that,  i: 
of  ^5  minutes,  I 


This  again  confirms  the  fame  bv 
a  lofs  of  3  degrees  of  !»cat.  I 
and  had  as  follows 
And  here  the  thermometer 
.'gree  of  heat 
in  the  courfc 
i^^  minutes,  the  thermo- 
meter No.  I  was  alternately  raifcd  and  deprelfed  five  times, 
by  rays  which  came  from  the  chimney  fire,  and  were  fubie»5l 
to  laws  of  refraftion,  not  fenfibly  different  from  thofe  which 
affca  light.      . 

15//)  E.vperment.     RcfruBion  of  the  Heat  of  red-hot  Iron. 

icaufcd  a  lump  of  iron  to  be  forged  iiito  a  cylinder  of  3^ 
9  inches* 
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inches  diameter,  and  2'^  inches  long*.  This,  being  made 
red-hot,  was  (luck  upon  an  iron  handle  fixed  on  a  ftand  fo 
as  to  prcfent  one  of  its  circular  faces  to  a  lens  placed  at  2.S 
inches  dillance;  its  focus  being  1.4  inch,  and  diameter  i.i, 
l^cfore  the  lens,  at  fome  diftancc,  was  placed  a  fcreen  of  wood, 
with  a  hole  of  an  inch  diameter  in  it,  by  way  of  limiting  the 
ohjeil,  that  its  image  in  the  focus  might  not  be  larg'^r  than 
jjcceniiry.  The  fcreen  alfo  ferved  to  keep  the  heat  from  the 
thermometers.  No.  3  was  iituated  in  the  fecondary  focus  of 
the  lens ;  and  No.  3  was  placed  within  yV  of  ^^^  ^^^^'^  of  't» 
and  at  the  fiime  diftance  from  the  lens  as  No.  3.  By  this 
arrangement,  both  thermometers  were  equally  within  the 
reach  of  tranhnitted  heat;  or,  if  there  was  any  difference,  it 
could  only  be  in  favour  of  No.  3,  as  being  behind  a  part  of 
the  lens  which,  on  account  of  its  thinnels,  would  flop  lefs 
heat  than  the  middle.  Now,  as  the  experiment  gives  a  refult 
which  difters  from  what  would  have  arifen  from  the  fituation 
of  the  thermometers,  on  a  fuppofition  of  tranfmitted  heat,  wc 
can  only  afcribe  ,it  to  a  condenfation  of  it  by  the  rfefra^lion  of" 
the  lens;  and,  in  this  cafe,  the  thermometer  No.  3,  by  its 
fituation,  mull  have  been  partly  within  the  reach  of  the  heat- 
image  formed  in  the  focus.  During  the  experiment,.the  ther- 
,mometers  were  alternatelv  fcreened  two  minutes  from  the 
cffeds  of  the  lens,  and  expofed  to  it  for  the  fame  length  of 
time,  and  the  refult  was  as  follows : 

1  Here,  in  the  firft 
j  and  fecond  mi- 
I  nutes,  No.  3 
I  gained  two  de- 
grees of  heat 
morethanNo.3. 
In  the  third  and 
fourth,  it  loft  one 
piore  than  No.  3,  In  the  fifth  and  fixth,  it  gained  one  more. 
In  the  feventh  and  eighth,  it  loft  i  ^-  more ;  and  in  the  ninth 
and  tenth,  it  gained  -\  more  than  the  other  thermometer. 
This  plainly  indicates  its  being  a6ted  upon  by  refra^ed  heat. 
J^cll  there  fliould  remain  3  doubt  upon  the  fubjecl,  I  now  re- 
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moved  the  lens,  and,  putting  a  plain  glafs  in  the  room  of  it, 
I  repeated  the  experiment  with  all  ihe  reft  of  the  apparatus 
in  its  former  fituation. 

Here  we  find  that  both 
thermometers  receiv- 
ed heat  and  parted 
with  it  alwavs  in  equal 
quiuititics,  which  con- 
firms the  experi- 
ment that  has  been  given.  And  thus  it  is  evident  that 
there  are  rays  iflliing  from  red-hot  iron,  which  are  fubjeft 
to  the  laws  of  refraftion,  nearly  equal  to  thofe  which  affect 
light ;  and  that  thefe  rays  are  invefted  with  a  power  of  caufing 
heat  in  bodies. 

iSfh  Experiment.     RefraBlon  of  Fire-heat,  hj  an  Injlrument 
refemhltng  a  Telejcope. 

It  occurred  to  me  that  I  might  ufe  a  concave  mirror  to 
condenfe  the  heat  of  the  fire  in  the  grate  of  my  chimney, 
and,  rcflefting  it  fideways  by  a  plain  mirror,  I  might  after- 
wards bring  it  to  a  fecondary  focus  by  a  double  convex  lens ; 
and  that,  by  this  conftru6lion,  I  (hould  have  an  inftrument 
nxuch  like  a  Newtonian  tclefcope  *'.  The  thermometer  would 
ticruratively  become  the  obl'crver  of  heat,  by  being  applied  to 
the  place  where,  in  the  real  telefcope  of  the  f;ime  conftruc- 
tion,  the  eye  is  fituated  to  receive  light.  Having  put  toge- 
ther the  different  parts,  in  fuch  a  way  as  I  fuppofed  would 
anfwer  the  end,  I  tried  the  effect  by  a  candle,  in  order  to 
afccrtain  ^the  proper  diftance  of  the  objeft-mirror  from  the 
bars  of  the  chimney-grate.  The  front  of  the  apparatus  was 
jiuarded  by  an  iron  plate,  with  a  thick  lining  of  wood  5  and 
the  two  thermometers  which  I  ufed,  were  parted  from  the 
mirrors  and  lens  by  a  partition,  which  icreencd  them  from 
the  heat  that  was  to  be  admitted  through  a  proper  opening 
in  the  front  plate,  to  come  at  the  obje6t-mirror.  In  the  par- 
tition was  likewife  an  opening,  of  a  fufficient  diameter  to 
permit  the  rays  to  come  from  the  cye-glafs  to  their  focus,  on 
the  ball  of  the  thermometer  No.  j  ;  while  No.  4  was  placed 

*  Sec  Plate  Vin.  fig.  2. 
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by  the  fide  of  it,  at  lefs  than  half  an  inch  diftance.  In  the 
experiment,  the  obje6l-mirror  was  alternately  covered  by  a 
piece  of  pafteboard,  and  opened  again.  The  thermometers 
were  read  ofT  every  minute;  but,  to  fhorten  my  account,  I 
bnly  give  the  lad  minute  of  every  change. 

No.  I.       No.  4.     ")  Here,inthe 

In  the  Focus.  Near  the  Focus.  firft  eioht 

The  mirror  covered     o  77^  77I  minutes, 

The  mirror  open         8  84  76  the  ther- 

Covcred  -         i5  86'-  79?-        ).     mometer 

OpeA  -  21  89^  81 

Covered  -  27  89?:  82^- 

Open  -  37  91  J-  83*: 

Covered  -  47  84  77         J       the  fire- 

in  (Irument,  gained  2  degrees  of  heat  more  than  the  other. 
In  the  next  8  minutes,  the  mirror  being  covered,  it  gained 
T  degree  lefs  than  the  other.  The  mirror  being  now  opened 
again,  it  gained,  in  five  minutes,  2^  degrees  more  than  the 
other.  When  covered  fix  minutes,  it  gained  li  degree  lefs 
than  No.  4.  In  the  next  ten  minutes,  when  open,  it  gained 
{-degree  more;  and,  in  the  laft  ten  minutes,  when  the  fire 
began  to  fail,  and  the  mirror  was  again  covered,  it  loft  one 
degree  more  than  the  other  thermometer.  All  which  can 
only  be  accounted  for  by  the  heat  which  came  to  the  ther- 
mometer through  the  fire-inftrument ;  and,  as  this  experi- 
ment confirms  what  has  been  faid  before  of  the  refraction 
of  culinary  heat,  fo  it  alfo  adds  to  what  has  already  been 
proved  of  its  refleAion.  For,  in  this  fire-inftrument,  the 
rays  which  occafion  heat  could  undergo  no  lefs  than  two 
refle<5lions  and  two  refra6lions. 

I'jih  Experiment.      Rcfr action  of  the  invijihle  Rays  of 
Solar  Heat. 

I  covered  one-half  of  Mr.  DoUond's  burning  lens  with 
pafteboard,  and  threw  the  prlfmatic  fpeclrum  upon  that 
cover*;  then,  keeping  the  laft  vifible  red  colour  one-tenth 
of  an  inch  from  the  margin  of  the  pafteboard,  I  let  the  in- 
vifible  rays  beyond  the  fpedtrum  fall  on  the  lens.     In  the 

*  See  Plate  I.  fig.  2. 
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focus  of  the  red  rays,  or  a  very  little  beyohd  it,  I  had  placed 
the  ball  of  the  thermometer  No.  1  j  and,  as  near  to  it  as  con- 
venient, the  fmall  one  No.  3.  Now,  that  the  invifible  lolar 
rays  which  occafion  heat  were  accurately  refra6led  to  a  focus, 
may  be  feen  by  the  following  account  of  the  thermometers  : 
No.  I.  No.  2.      -N  Here,  in  one    minute,    thefe 

In  the  Focus.    Near  liie  Focus.   I         VHXS  c;avC4^  dcgreCS  of  heat 

o'  57  ^"j  r     to'the  thermoilieter  No,  I, 

I  102  ^j         J      which  received  them  in  the 

focus,  while  the  other,  No.  2,  fuifered  no  change. 

It  is  remarkable  that,  notwiihllanding  I  kept  the  red  co- 
lour of  the  fpeftrum  ~^  of  an  inch  upon  the  pafteboard,  a 
little  of  that  colour  might  ftill  be  feen  on  the  ball  of  the  ther- 
mometer. This  occafioned  a  furm.ife  that,  poflibly,  the  in- 
vifible rays  of  the  fun  might  become  vifible  if  they  were  pro- 
perly condenfed ;  I  therefore  put  this  to  tUe  trial,  as  follows : 

i8/i&  Experiment.     Trial  to  render  the  in'v'i/lhh  Rajs  of  the 
Sun  vifihle  hy  Condenfation. 

Leaving  the  arrangement  of  my  apparatus  as  in  the  laft 
experiment,  I  withdrew  the  lens,  till  the  laft  vifible  red  colour 
was  two-tenths  of  an  inch  from  the  margin  of  the  femicir- 
cular  pafteboard  cover;  then,  taking  the  thermometers,  I  had 
as  follows : 

No.  3.       No.  3.^  Here  there  was  no  longer  the  leaft 
o'  57  57      \-      tinge  of  any  colour,  or  veliige  of 

1  78  57     J       light,  to  be  feen  on  the  ball  of 

the  thermometer;  fo  that,  in  one  minute,  it  received  21  de^ 
grees  of  heat,  from  ravs  that  neiiiicr  were  vifible  before,  nor 
could  be  rendered  fo  by  condenfation. 

To  account  for  the  colour  which  may  be  feen  in  the  focus, 
when  the  laft  vifible  red  colour  is  lefs  than  two-tenths  of  an 
inch  from  the  margin  of  the  pafteboard  which  intercejits  the 
prifmatic  fpe6lrum,  we  may  fuppofe  that  the  imperfeft  re- 
fra£lion  of  a  burning  lens,  which,  from  its  great  diameter, 
cannot  bring  ravs  to  a  geometrical  focus,  will  bring  fome 
fcattcred  ones  to  it,  which  ought  not  to  come  there.  We 
ni?iy  alfo  admit  that  the  termination  of  a  prifmatic  fpe6lrum 

cannot 
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cannot  he  accurately  afccrtalnetl  by  looking  at  it  in  a  room 
not  fufficiently  dark  to  make  very  faint  tinges  of  colour  v'i- 
fible.  And  to  this  muft  be  added  that  the  incipient  red 
rays  mull  actually  be  fcattered  over  a  confiderable  fpace, 
near  the  confines  of  the  fpcclrnm,  on  account  of  the  breadth 
of  the  prifrn,  the  whole  of  which  cannot  bring  its  rays  of 
any  one  colouf  properly  together;  nor  can  it  feparate  the  in- 
vifible  rays  entirelv  from  the  vifiblc  ones.  For,  as  the  red 
rays  will  be  but  faintlv  fcattered  in  the  beginning  of  the  vi- 
fible  fpe6trum  ;  fo,  on  the  other  hand,  will  the  invifible  rays, 
feparated  by  the  parts  of  the  prifm  that  come  next  in  fuccef- 
fjon,  be  mixed  with  the  former  red  ones.  Sir  Ifaac  Newtoii 
has  taken  notice  of  fome  iniperfe<Sl  tinges  or  hazinefs  on  each 
fide  of  the  prifmatic  fpe6lrum,  and  mentions  that  he  did  not 
take  them  into  his  mcafures*. 

igf/j  Experiment.     R-'fraStion  of  Invijihle  Culinary  Heat, 

There  are  fome  difficulties  in  this  experiment;  but  thej^ 
arlfe  not  fo  much  from  the  nature  of  this  kind  of  heat,  as 
from  our  method  of  obtaining  it  in  a  detached  ftate.  A  red- 
hot  lump  of  iron,  when  cooled  fo  far  as  to  be  no  longcp 
vilible,  has  but  a  feeble  (lock  of  heat  remaining,  and  lofes 
ifr  very  fall.  A  contrivance  to  renew  and  keep  this  heat 
might  certainly  be  made,  and  I  fhould,  indeed,  have  at- 
tempted to  carry  fome  method  or  other  of  this  kind  into  exe- 
cution, had  not  the  following  trials  appeared  to  me  fuffi- 
cientlyconclufive  to  render  it  unueceflary.  Admitting,  as  has 
been  proved  in  the  15th  experiment,  that  the  alternate  rifing 
?ind  falling  of  a  thermometer  placed  in  the  focus  of  a  lens, 
when  the  ball  of  it  is  fucceffivelv  expofed  to,  or  fcreened 
from,  its  effecls.  is  owing  to  the  refra^lion  of  the  lens,  and 
cannot  be  afcribed  to  a  mere  alternate  tranfmiffion  and  ftop- 
page  of  heat,  I  proceeded  as  follows  t  r— Mv  lens,  i'4  focus, 
and  i-i  diameter,  being  placed  2'S  inches  from  the  face  of 
the  heated  cylinder  of  iron,  the  thermometer  No.  2,  in  its 
focus,  was  alternaielv  gniirdcd  by  a  fmall  patteboard  fcreen 
put  before  it,  and  expofed  to  the  efl'e6ls  of  condenfed  heat  by 
removing  it. 

*  Ncwtcn's  Oitic"^,  p.  23,  1;  ti.  f  See  Plate  VIII,  fig.  i, 
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No.  2. 
53     Very  red-hot 


Now,  the  begins 
ning  of  this  ex- 
perhiient  being 
exactly  like  that 
ofthe  15th,  with 
the  thermome- 
ter No.  3  left 
out,  the  argu- 
ments that  have 
before  proved  the 
rcfraclionofheat 
in  one  ftate,  will 
now  hold  good 
for  the  whole. 
For  here  we  have 
a  regular  alter- 


63^-  Red-hot. 

^)^  Still  red-hot. 

60!;  Still  red. 

57,'-  A  little  red. 

59  ]:  DouhtfuL 

57  i  Notvifible  in  my  )- 

58;.     room  darkened. 

571 
58 

57t 
58 
57i 
nate  rifing  and  falling  of  the  thermometer,  from  a  bright  red 

heat  of  the  cylinder,  down  to  its  weakelt  ftate  of  black  heat ; 
where  the  effecl  of  the  rays,  condenft-J  by  the  lens,  exceeded 
but  half  a  degree  the  lofs  of  thofe  that  were  flopped  by  it. 

20th  Experiment.     Conjirmation  of  the  igtb. 

In  order  to  have  fome  additional  proof,  befides  the  uniform 
And  uninterrupted  operation  of  the  lens  in  the  foregoing  ex- 
periment, I  repeated  the  fame  with  an  affiftant  thermon:5eter^ 
No.  3,  placed  firft  of  all  at  ^  of  an  inch  from  No.  2,  and 
more  towards  the  lens,  but  fo  as  to  be  out  of  the  converging- 
pencil  of  its  rays,  and  alfo  to  allow  room  for  the  little  fcreen 
between  the  two  thermometers,  that  No.  3  might  not  be 
covered  by  it. 
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tfee  contrary,  came  to  its  maximum  by  alternate  great  ele- 
vations and  fuiall  depreflions ;  and  afterwards  loll  its  heat  by 
great  depreflions  and  fmall  elevations.  After  the  fiill  eight 
minutes,  T  ehanged  the  place  of  the  aflillant  thermometer, 
by  putting  it  into  a  flill  more  decifivc  fitualiou ;  for  it  was 
now  placed  l)y  the  tide  of  that  in  the  focus,  io  as  to  partici- 
pate of  the  alternate  fcrcening,  and  alfo  to  receive  a  fmall 
Ihare  of  one  (ide  of  the  invifible  heat-image,  which,  though 
unfeeu,  we  know  mull:  be  formed  in  the  focus  of  the  lens. 
Here,  if  our  reafoning  be  right,  the  affidant  thermometer 
(hould  be  afTefted  bv  alternate  rifings  and  fallings;  but  they 
iliould  not  be  fo  conliucrable  as  thofe  of  the  lens. 
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4  4-  I:.  All  which  fo  clearly  confirm  the  effe61:  of  the  re- 
frafliion  of  the  lens,  that  it  mull  now  be  evident  that  there 
are  rays  ilfuing  from  hot  iron,  which,  though  in  a  (late  of 
total  invifibilitv,  have  a  power  of  occaiioning  heat,  and  obey 
■certain  laws  of  refraction,  very  nearly  the  fame  with  thofe- 
that  affe6l  light. 

As  we  have  now  traced  the  rays  which  occafion  heat,  both 
folar  and  terreftrkd,  through  all  the  varieties  that  were  men- 
tioned in  the  beginning  of  this  paper,  and  have  fhown  that, 
in  every  ftate,  they  are  fubjeA  to  the  laws  of  refieclion  and 
)of  refraction ,  it  will  be  eafy  to  perceive  that  I  have  made 
good  a  proof  cjf  the  three  firil  of  mv  propolilions.  For  the 
fame  experiments  which  have  convinced  us  that,  accordinor 
to  our  fecond  and  third  articles,  heat  is  both  reflexible  and 
refrangible,  eftablifli  alfo  its  radiant  nature,  and  thu*  equally 
prove  the  firft  of  them. 

End  of  the  F'trJ  Part. 

Slough,  near  Wind  for,  ■-•• 

.April  ;o,  iStw. 

VII.  Account 
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VII.  Account  of  fome  inter ejling  Experiments,  performed  at 
the  London  Philofophical  Society,  refpeSting  the  EffeSls  of 
Heat,  excited  by  a  Stream  of  Oxyg^en  Gas  throiun  upon 
ignited  Charcoal,  on  a  Number  of  Gems  and  other  refrac- 
tory Suhjiances  fubmitted  to  its  Atlion ;  iviih  a  Defcription 
of  the  Apparatus  e7nployed. 

[Continued  from  Page  29.] 
IVcdgczuood's  Pyrometer  Pieces. 

XVII.XXFTER  the  experiments  already  defcribed,  it  wns 
propofed  by  feveral  of  the  members  that  fome  attempt  (hould 
be  made  to  determine  the  deg-ree  of  heat  which  had  been 
excited ;  and,  with  a  view  to  this  end,  a  fragment  of  one  of 
^r.  Wedgewood's  pyrometer  pieces  was  fubje6led  to  the 
blaft  :  in  a  few  feconds,  however,  it  became  perfectly  fufed. 
It  does  not  appear,  therefore,  that  we  are  at  prefent  in  pof- 
feflion  of  any  better  inftrument  for  appreciating  the  intenfity 
of  heat  thus  produced  than  the  gems  themfelves,  which,  as 
fome  of  them  are  more  refiaftory  than  others,  and  man^-  of 
them  more  fo  than  moft  other  fubftances,  may,  from  the 
changes  which  they  midergo,  ferve  to  afford  a  rough  method 
of  eftimatir.g  the  comparative  degree  of  temperature. 

Spinel. 

XVIII,  A  rubv-fplnel,  which  weighed  >>*tbs  of  a  carat, 
was,  like  the  preceding  ftoncs,  expofed  in  an  excavation  made- 
in  a  piece  of  charcoal  ignited  by  means  of  a  common  blow- 
pipe, to  a  ftream  of  oxygen  gas  from  the  gafometer.  At  the 
end  of  2' 3''  it  bad  loft  neither  weight  nor  colour,  but  had 
affumed  the  appearance  of  a  rough  garnet,  having  apparently 
undergone  a  very  flight  and  fuperficial  fufion,  jufl  fudicient  to 
injure  its  polilh. 

Jargoon.i. 

XIX.  Thefe  ftones  are  colourlcfs,  and  harder  than  rock- 
cryftal,  but  lefs  fo  than  the  ruby.  They  are  ufually  found 
in  diamond-mines,  and,  when  well  cut  and  let,  play  nearly 
as  well  as  rofe  diamouds.    That  they  are  liowever  eflfentially 

9  different 
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different  from  the  diamond,  needs  no  other  proof  than  their 
inconibufuhilitv. 

One  which  weighed  e^ths  of  a  carat,  cxpofed  to  the  heat 
for  2',  was  found  to  have  loft  no  weight;  whereas  a  diamond 
of  the  fame  fize  would  in  that  time  have  been  entirely  diffi- 
pated,  and  refohcd  into  carbonic  acid  gas.  •  The  ftone  loft 
its  tranfparency,  and  aflumed  the  appearance  of  a  piece  of 
white  enamel :  it  had  ev'dent'.y  begun  to  fufe,,  but  foiiie  traces 
of  its  form,  and  even  of  its  facet?,  are  ftill  difeernible. 

XX.  Another  jargoon.  weighing  ^l-ihs  of  a  carat,  was 
expofed  to  the  heat  for  the  fame  length  of  tim°.  It  broke 
into  three  pieces  while  under  the  blalt,  but  now  prefent^  the 
fame  appearances  as  the  former.  The  furfaczi  of  both  are 
more  opake  and  white  than  the  interior. 

yer77:2lioT2S. 

XXI.  A  vermilion  wliichv.L-ighed  v^-ths  of  a  carat,  treated 
for  2',  loft  no  weight,  but  became  fufed  into  a  poliflied  opake 
globule,  which  is  nearly  black,  with  a  tinge  of  brownifh- 
green,  like  that  of  very  dark  bottle  glafs. 

XXII.  Fourteen  vermilions,  weighing  ^^.^^^^  of  s  carat, 
expofed  for  2'  30'''',  were  completely  fufad  into  a  poliflied 
opake  elobule,  very  lii^e  the  former,  but  not  quite  fo  dark. 
It  is  alio  not  fo  round  or  poiifhed,  having  been  preffed  while 
foft.  A  fmall  face  being  afterwards  fubje^^ed  to  the  lapidary's 
wheel,  the  ftone  appeared  as  hard  as  at  firll,  but  not  fufcepti- 
ble  of  fo  high  a  polifti. 

XXIII.  One  which  weighed  i  Vlhs  of  a  carat,  expofed  to 
the  blall  for  i'  40',  broke  in  two  pieces,  both  of  which  be- 
came iafed.  The  largeft  prefents  an  appearance  very  like 
that  of  the  vermilion  X^o.  xxi. ;  the  other  is  of  a  dark  lead 
colour  inclining  to  a  bronzv  hue  and  chatoyant,  fomewhat 
like  peacock-lead  ore.  Both  were  preflTed  while  foft;  the 
latter  fo  much  fo,  that  it  at  prefent  retains  nothing  of  a  glo- 
bular form. 

Emeralds, 

XXIV.  One,  of  the  weight  of  {°ths  of  a  carat,  was  fufed 
in  z  into  a  globule  of  an  opake  white  colour  without  any 

lofs 
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lofs  of  weight.     It  exactly  refcmbles  a  pearl  from  a  comnioa 
oyfter,  or  '*  dead  pearl,"  as  jewellers  term  it. 

XXV^.  Another  emerald,  weighing  ^^ths  of  a  carat,  being" 
treated  for  the  fame  length  of  time,  prcfents  the  fame  appear- 
ance as  the  former,  except  that  about  one-half  of  the  globule 
Hill  retains  fome  traces  of  its  original  colour,  and  is  now  of  a 
greeniih  gray. 

ChryfoUte. 

XXVI.  A  chryfolite,  weighing  -^^ths  of  a  carat,  being 
treated  during  2'  loft  no  weight,  but  became  fufed  into  a 
rough  opake  greenifh  black  globule. 

Jacynth. 

XXVII.  Onejacvnth,  weiojlnng  ^^ths  of  a  carat,  treated 
for  i'  14"  loft  no  weight,  but  became  fufed  into  a  globule 
much  refembling  one  of  dark  coloured  bottle-glafs,  but  nearly 
opake. 

Opal, 

XXVIII.  An  opal,  weighing  ^{jths  of  a  carat,  treated  for 
44"  melted  into  a  polifticd  globule  of  a  greenifli  white  almoft 
tranfparent,  but  full  of  fmall  bubbles.     It  loll  no  weight. 

Cryjiah. 

XXIX.  A  cut  white  cryftal,  weighing  ^-^ths  of  a  carat, 
treated  i '  44"  melted  into  a  perfectly  tranfparent  globule  like 
fiinl  glafs,  but  full  of  cracks  and  bubbles.  Its  weight  is  the 
fame  as  before. 

XXX.  Two  fragments  of  rock-cryflal,  weighing  together 
l''^carat,  cxpofed  to  the  heat  during  5'  19"  melted  together^ 
but  flew  to  pieces  on  cooling,  and  the  whole  is  now  in  fe- 
veral  fragments;  fome  of  it  even  in  powder.  It  rcfembles  a 
rery  pure  while  fait. 

Plat'ma. 

XXXI.  Sixteen  carats  of  platina  in  grains,  in  the  crude 
ftatc,  were  pcrfe6llv  fufed  in  a  few  feconds.  A  feeond  and 
a  third  quantity  were  likewife  fufed ;  but  the  circuniftance 
mod  remarkable  was,  that  the  globules  thus  formed  were 
found  to  be  pure  and  malleable.  On  examining  them  at- 
tentively it  was  foujiJ  that  the  iron,  which  is  always  prefent 

in 
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fii  crude  platlna,  and  which,  by  adhering  to  it  witli  great 
ohftinacy,  makes  it  difficult  to  obtain  that  melal  in  its  pure 
Hate,  was  completely  oxydated,  and  adhering  fo  loofelv  to 
the  furfacc  of  the  globules  that  it  feparatcd  itfelf  in  fcales 
when  they  were  Ilruck  with  a  hammer.  Tlie  globules  were 
then  extended  under  the  hammer  without  breaking. 

From  this  experiment  it  appeared  probable  that  means 
might  be  deviled  to  fufe  large  quantities  of  crude  j)latina, 
and  at  the  fame  time  to  obtain  the  metal  pure  and  malleable; 
an  objeft  fo  dcfirable,  that  the  Society  refolved  at  leafl:  to 
make  the  attempt. 

XXXII.  A  table  furnace  was  confiruc'^ed  in  fuch  a  man- 
ner, that  the  crucible  containing  the  platina  (eight  ounces) 
could  be  brought  to  a  ftrong  heat,  by  means  of  charcoal  all 
round  it  and  a  pair  of  double  bellows,  before  allowing  the 
ftream  of  oxygen  gas  to  be  introduced  into  it.  The  platina 
was  put  into  the  centre  of  the  crucible,  with  charcoal  below 
Qud  all  round,  in  fuch  a  manner  that  the  crucible  was  filled 
with  the  charcoal  and  the  metal.  The  cover  was  luted  on, 
and  a  tube,  made  of  burnt  clay,  which  paffcd  from  a  hole 
near  the  bottom  of  the  crucible  to  the  outfide  of  the  furnace, 
was  firmly  luted  into  the  crucible,  which  was  fupported  in 
the  middle  of  the  furnace.  The  clay  tube  was  connected,  by 
means  of  another  tube,  with  the  large  gafometer,  and  that 
again  with  a  feries  of  cafks  filled  with  oxygen  gas. 

After  exciting,  by  means  of  the  double  bellows,  the  fire 
round  the  outfide  of  the  crucible,  till  it  was  thought  the  cru- 
cible and  its  contents  muft  have  attained  the  utmofl:  degree 
of  heat  that  could  in  this  way  be  obtained,  the  communica- 
tion between  the  gafometer  and  the  interior  of  the  crucible 
was  opened,  and  a  ilrcam  of  oxygen  gas  forced  in  through  the 
clav  tube  among  the  contents  of  the  crucible. 

It  will  be  obferved  from  what  has  been  dated,  that  the  in- 
tention was  not  to  excite  the  fire  in  the  body  of  the  furnace 
by  means  of  a  ftream  of  oxygen.  That  appeared  to  be  an 
unneceflary  waftc.  All  that  was  aimed  at  was,  by  exciting 
a  fuddcn  and  rapid  combuftion  of  the  charcoal  lodged  in  the 
crucible  along  vvith  the  platina,  to  reduce  the  latter;  and  it 
was  thought  that  the  previous  ignition  of  the  crucible  and  it's 
contents,  bv  the  help  of  the  furnace,  would  facilitate  this. 

Vol.  Vill.  Mm  In 
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In  a  few  feconds  after  opening  the  communication  with 
the  gafometer,  fuch  a  vivid  flame  ilTued  through  the  hole  iii 
the  co.er  of  tht;  furnace,  that  it  was  thought  unneceffary  to 
carry  the  j/rocels  further,  as  the  gas  appeared  evidently  to 
be  acl;ing  on  the  fuel  in  the  furnace,  inilead  of  having  its 
action  confined  principally,  as  was  intended,  to  the  contents 
of  the  crMcible. 

After  f(.i)ie  time,  the  furnace  was  examined.  More  than 
a  half  of  the  clay  tube  which  ferved  to  convey  the  gas 
through  the  furnace  into  the  crucible  was  found  gone,  and 
the  remaining  portion  of  the  tube  polifned  highly  on  the 
furface,  the  clay  having  been  running  in  a  ftate  of  extreme 
fufion.  The  fide  of  the  crucible  next  the  tube  was  poliflied 
in  the  fame  manner,  and  the  hole  in  which  the  lube  had 
been  lutud  was  found  greatly  enlare;ed.  The  charcoal  in  the 
crucible  had  not  been  half  confumed,  and  the  plalina  was 
found  fufed  at  the  bottom.  A  tew  globules  were  found  in- 
terfperfed  among  the  charcoal,  having  been  arrefted  in  their 
dt'fcent  by  flopping  the  procefs  before  they  had  time  to  reach 
the  chief  mafs  at  the  bottom ;  but  it  feemed  plain  that,  had 
the  blaft  of  oxygen  gas  been  continued  for  a  minute  or  two 
longer,  the  crucible  would  have  been  completely  run  down. 

The  platina  was  then  examined,  but  the  rcfult  was  not 
what  the  Society  had  proniifed  themfelves.  Though  it  had 
been  completely  fufed,  the  procefs  was  found  to  have  been  ot 
too  fliort  a  duration  to  oxydate  all  the  iron  contained  in  it. 
The  larjic  button  broke  under  the  hammer. 

o 

From  this  it  appears  that,  though  platina,  in  fmall  quanti- 
ties (Exper.  XXX  f.)  may  be  reduced  and  hrought  to  a  ftate 
of  purity  by  oxydating  the  iron  by  means  of  a  llream  of  oxv- 
gen  gas,  it  will  require  a  confiderable  degree  of  addrefs  to  be 
able  to  apply  this  on  a  fcale  of  any  confiderable  extent.  If 
even  rock- cry fial,  and  thofc  gems  which,  till  thefc  experi- 
ments, have  been  held  infufibic,  are  yet  found  fufible  by  the 
powerful  heat  excited  bv  the  agents  employed  in  them,  how 
are  materials  to  be  obtained  fufficiently  refraftory  to  main- 
tain the  neccffarv  arrangements  in  a  furnace  durinji  fuch  a 
procc^^  ? 

vm.  An 


[    25;     ] 

V^Iir.  Afi  JjXiiininatlon  of  St.  Pierre's  HypothtiJh  refpcBing 
the  Caufe  of  the  Tidt:s,  zvhicb,  in  opp'jjition  to  the  rearjed 
Theory,  attributes  them  to  fuppofed  periodical  Kffi/Jions  of 
the  Polar  Ices .  By  Samv EL  Woods,  Ej'q .  Read  brfo re 
the  Jijliejian  Society  Noijej7iber  ^,  1799- 
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NOW  proceed  to  ftate  the  three  remaining  proofs  adduced 
by  St.  Pierre  in  corroboration  of  the  demonllration  I  have 
juft  noticed  j  but,  as  I  conceive  myfeif  to  have  fidly  difproved 
the  geometrical  evidence,  I  fliall  not  trouble  you  with  an  at-f 
tempt  to  invalidate  thefe  fubfidiary  confirmations. 

The  fecond  proof  (fays  he)  is  atmofpherical.  It  is  well  known 
that,  in  proportion  as  you  afcend  a  mountain,  the  mercury  in  the 
barometer  fubfides :  now  the  mercury  finks  in  the  barometer 
in  proportion  as  you  advance  northward.  The  weight  of  one 
line  of  mCrcury  at  Paris  is  equivalent  to  an  elevation  of  iq 
fathom  and  5  feet,  whereas  in  Sweden  it  is  c/juivalent  to 
10  fathom  1  foot  6  inches  only;  and  of  courfe  the  ground  of 
Sweden  muft  be  higher.  From  a  feries  of  obfervations  made 
by  captain  Cook  in  the  fouth'ern  hcmifphcre  in  1773  ^^  ^775> 
we  perceive  the  mercury  fcarcely  ever  rifes  higher  than  29 
inches  beyond  the  6olh  degree  of  fouth  latitude,  and  mounted 
almolt  always  to  30  inches  and  even  higher  in  the  vicinity 
of  the  torrid  zone;  which  proves  that  the  barometer  falls  as 
you  recede  from  the  line,  and  that  both  poles  are  elonsated. 

The  third  proof  is  nautical,  arifing  from  the  annual  dc- 
fcent  of  the  ices  toward  the  line,  impelled  by  currents  pro- 
ceeding alternately  from  each  pole  during  their  refpective 
fununers,  immenfe  mountains  ot  ice  being  frequently  feen 
by  navigators  in  low  latitudes. 

The  fourth  proof  is  allronomical.  Childrey  (an  EngliOi 
author  of  note)  fuppofes,  as  I  do,  that  the  earth  at  the  pules 
i»  covered  with  ice  to  fuch  a  height  as  to  render  its  fieure 
fenfibiv  oval.  Kepler  fays  that  the  eclipfe  of  the  moon  on 
the  26\\\  September  1624,  like  the  one  obfcrved  by  Tycho 
Erahe  in  T5S8,  which  was  total,  and  very  nearly  central, 
IM  m  2  differed 
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dift'ered  widely  from  the  calculation  :  for,  not  only  tlie  dnra»- 
tion  of  total  darknci's  was  extremely  iliort,  but  the  reft  of  the 
duration,  previous  and  poftcrior  to  the  total  obfcuration,  was 
ftill  fhorter,  as  if  the  iigure  of  the  earth  was  elliptical,  having 
the  fmalleft  diameter  under  the  equator,  and  the  greater  fronj 
pole  to  pole. 

Navigators  in  the  north  have  always  feen  the  elevation  of 
the  fun  above  the  horizon  greater  the  nearer  they  approach 
the  poles.  It  is  impoffible  to  afcribe  thefe  optical  efteiis  to 
atmofpherical  refraftion. 

Barents,  on  the  24th  of  January,  in  Nova  Zembla,  faw 
the  fun  15  days  fooner  than  he  expe6led,  which  would  give  a 
refraAion  of  2  i-° ;  a  thing  impoflible,  and  the  circumftancc 
can  be  afcribed  to  no  other  caufe  than  his  real  elevation. 

St.  Pierre  cuts  the  difficulty  ariilng  from  the  different  vi- 
brations of  the  pendulum,  by  obferving  that  they  are  liable 
to  a  thoufand  errors. 

The  elongation  of  the  poles  being  thus  demonftrated,  the 
current  of  the  feas  and  tides  follows  as  a  natural  and  neceflary 
confequence. 

Let  us  now  confider  the  extent  of  the  polar  ices,  and  the 
powers  capable  of  effe6lino;  their  folution. 

The  polar  ices  in  the  winter  proper  to  each  hemifphere  are 
from  fix  to  fevcn  thoufand  leagues  in  circumference;  but  in 
their  fummer,  from  two  to  three  thoufand. 

The  ices  and  fnows  form  in  our  hemifphere,  in  January,  a 
cupola,  the  arch  of  which  extends  more  than  two  thoufand 
leagues  over  the  two  continents,  with  a  thicknefs  of  fomc 
lines  in  Spain,  fome  inches  in  France,  fcveral  feet  in  Ger- 
m.anv,  many  fathoms  in  Ruflia,  and  beyond  the  60"  of  north 
lat.  of  fome  hundred  feet.  Some  ice  iflands  were  feeu  bv 
tltis  from  fifteen  to  eighteen  hundred  feet  above  the  level  of 
the  fea,  and  they  prol)abiy  go  on  incrcafing  to  the  pole  to  a 
height  indelerminable.  Hence  the  enormous  aggregation  of 
•water,  fixed  by  the  cold  of  winter  in  our  hemifphere,  above 
the  level  of  the  ocean,  is  clearly  perceptible ;  and  to  the  pe-. 
•riodical  fufion  of  thefe  vail  nialfes  the  general  movement  of 
the  feis  and  tides  is  jufilv  afcribable.  The  ices  at  tiie  fouih 
pole  .exceed   in  quaiiiity   Lhufe  at  the  north  ;  uiid  two  fuch 
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bodies  of  ices,  alternately  accumulated  and  diflblvcd,  at  the 
two  poles,  niuft  occafion  a  very  perceptil)le  augmentation  of 
its  waters  at  their  return  to  it  by  the  at^lion  of  tiie  fun,  and 
a  great  diminution  by  their  redu6tion  to  ice  when  the  fun 
retires.  It  has  been  calculated  that  the  earth  and  fea  covered 
with  ice,  may  be  equalled  to  T-ioth  of  the  whole  ocean,  and 
the  height  of  the  polar  ices  is  at  lead  600  feet ;  a  mafs  which 
in  njelting  niuft  add  i-ioth,  that  is  60  feet,  to  the  level  of 
the  ocean. 

Nature  has  diftributed  fandy  zones  to  afiiit,  at  the  proper 
feafon,  in  accelerating  the  fulion  of  the  polar  ices.  The  winds 
in  fummer  convcv  the  igneous  particles  witli  which  thcfe 
Sones  are  filled  towards  the  poles,  where  they  aflift  the  fun's 
action  on  the  ices. 

The  moon  alfo  dilTolves  ice  bv  the  humidity  of  the  atmo- 
fphere.  W'hen  the  moon  fliines  in  winter  nights  in  all  her 
luftrc  it  freezes  very  (liarplv,  becaufe  the  north  wind  cliccks 
the  evaporatiuii;  influence  of  the  moon:  but  if  the  wind  is 
ftillcd  ever  fo  little,  you  fee  the  heavens  covered  with  vapours 
which  exhale  from  the  earth,  and  you  feel  the  atmofphcrc 
foftened. 

Nature  having  determined  to  indemnify  the  poles  for  the 
fun's  abfence,  makes  the  moon  pafs  toward  the  pole,  -whicii 
the  fun  abandons :  (lie  cryllallifes,  and  reduces  into  brilliant 
fnowSj  the  waters  which  cover  it ;  (he  renders  its  atmofphere 
more  refraftive,  that  the  fun's  prefence  mav  be  detained  longer 
in  it,  and  reftored  fooner  to  it:  and  hence  alfo  there  is  reafon  to 
conclude  ilie  has  drawn  out  the  poles  of  the  earth  in  order  to 
beftow  on  them  a  longer  participation  of  the  fun's  influence. 
We  may  judge  from  analogy  the  general  eifeft  of  the  tides  : 
A  fource  difcharging  itielf  into  a  bafon  produces  at  the  fides  of 
that  bafon  a  backward  motion  or  counter  current,  which  car- 
ries draws  and  other  floating  fubftances  up  towards  the  fource. 

Charlevoix  (Hift.  of  New  France)  tells  us  that,  though  the 
wind  was  contrary,  he  failed  at  the  rate  of  eight  leagues 
a  day  up  lake  Michigan,  againft  its  general  current,  bv  the 
afiiftance  of  its  lateral  counter-currents. 

M.  de  Crevcceur  allures  us,  that  in  failing  up  the  Ohio, 
along  it.s  banks  he  made  42::  miles  in  14  day-;,  or  ten  katiues 
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a-day,  by  means  of  the  counter-currents,  which  have  always 
a  velocity  proportional  to  that  of  the  principal  current. 

The  particular  etie6ts  obferved  in  lakes  and  rivers  commu-* 
nicating  with  icv  moiinlains,  illuftrate  the  nature  of  the  polar 
cftutions.  A  kind  of  flux  and  reflux  in  the  lake  of  Geneva, 
during  fummer  and  towards  the  evening,  is  obfcrvable,  occa- 
fioued  by  the  melting  of  the  fnows,  which  fall  into  it  after 
noon  in  greater  quantities  than  at  other  leafons  of  the  day. 
The  intermittence  of  certain  fountains  is  afcribableto  the  fame 
caufe.  The  frequent  and  rapid  fluxes  (ten  or  twelve  times 
a  day)  of  the  Euripus,  the  ftrait  feparaiing  Boeotia  from  Eu- 
bcea,  arife  from  the  fame  fource. 

The  currents  of  the  ocean  are  reducible  to  two  general 
ones :  one,  during  our  fummer,  from  the  north  pole,  in  a 
fouth  direilion;  the  other,  during  our  winter,  proceeding 
northward  from  the  foulh  pole. 

Dampier  lays  it  down  as  a  principle,  founded  on  many  ex- 
-periments,  that  currents  are  fcarcely  ever  fell  but  out  at  lea, 
and  tides  upon  the  coalls. 

The  polar  elTufions,  which  are  the  tides  of  the  north  and 
eaft  to  thofe  who  dwell  in  the  vicinity  of  the  pole,  or  in  bays 
communicating  with  it,  take  their  general  courfe  to  the  middle 
of  the  channel  of  the  Atlantic  ocean,  attrafted  toward  the 
line  bv  the  diminution  of  the  waters,  which  the  fun  is  incef- 
fantly  evaporating.  They  produce  by  their  general  current 
tuo  conirarv  currents  or  collateral  whirlpools  lin)ilar  to  thofe 
produced  by  rivers  on  their  banks,  and  the  tides  may  be  con- 
fldered  as  vortices  of  the  general  current  of  the  Atlantic 
ocean. 

The  crencral  current,  which  flows  from  oiir  pole  in  fummer 
with  io  much  rapidity,  and  which  is  fo  violent  towards  its 
. fource,  crofles  the  equino(illal  line,  its  flux  not  being  ftemmed 
bv  the  etfuiions  of  the  loutii  pole,  at  that  icalon  confolidated 
into  ice;  it  extends  beyond  the  Cape  of  Good  Hope,  and 
beinor  directed  ealt,  bv  the  pofition  of  Africa  and  Alia,  forces 
the  Indian  ocean  into  the  lame  direction,  and  may  be  con- 
fidercd  as  the  prime  mover  of  the  wellcrn  mouioon,  which 
lake?  place  in  the  Indian  leas  in  April,  and  ends  in  September. 

'i'he  general  current,  iil'uuig  during  our  v.inlcr  irom  the 
^  fouth 
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fouth  pole,  redorcs  the  Indian  ocean  to  its  natural  motion 
weft ;  croflcs,  in  its  turn,  the  equino6lial  line,  penetrates  into 
Oiir  Atlantic  ocean,  direfts  its  motion  north  by  the  pofilion 
of  America,  and  produces  various  changes  in  our  tides.  Al! 
the  bays,  creeks,  and  mediterraneans  ot"  fouthern  Ada,  fuch 
as  the  gulphs  of  Siam  and  Bengal,  the  Perfian  gulph,  the 
Kcd  fca.  Sec.  are  dire6lcd  relatively  to  thefe  currents  north. 
and  fouth  fo  as  not  to  he  (lemmed  by  them  ;  as  all  the  bays 
and  mediterraneans  of  l^urope,  as  the  Baltic,  the  EnorJifli 
channel,  the  bay  of  Bifcav,  the  Mediterranean  fea,  Baffin's 
bav,  Hudfon's  bay,  the  gulph  of  Mexico,  and  manv  others, 
are  directed  relatively  to  thefe  currents  eaft  and  weft ;  or,  to 
fpeak  with  more  precifion,  the  axes  of  all  the  openings  of  the 
land  in  the  old  and  new  world  arc  perpendicular  to  the  axes 
of  thefe  general  currents,  fo  that  their  mouth  only  is  croffed 
by  them,  and  their  depth  is  not  expofed  to  the  impulfions  of 
the  general  movements  of  the  ocean. 

That  thefe  currents  arc  not  the  offspring  of  mv  own  ima- 
gination, but  a6lually  fuch  as  I  have  defcribed  them,  will 
appear  from  various  teftimonies.  Frogcr  fays  that  in  Brazil 
the  currents  follow  the  fun,  running  fouihward  when  he  is 
fouth,  and  northward  when  he  is  north.  In  the  funimer  of 
the  fouthern  hcmifphcre,  the  tides  fet  in  northward  [Schouterty 
Jail.  1661),  but  in  winter  run  fouthward  and  come  fro'.n  the 
north  (Frajer,  May  17  12).  C.  Columbug  fet  fail  from  the 
Canaries  the  beginning  of  September,  and  fteered  to  the  weft ; 
he  found,  during  the  firlt  days  of  his  voyage,  that  the  cur- 
rents carried  him  to  the  norih-eaft;  when  he  had  advanced 
3CO  or  300  leagues  from  land,  he  perceived  their  dircftion 
was  fouthward  :  tinally,  as  he  approached  the  Lucayo  iflands, 
he  a^ain  found  the  current  fetiing  in  north. 

The  nautical  obfervations  of  Cook  demonftrate  that  the 
currents  of  the  Atlantic  ocean  are  alternate  and  half-vearly 
like  thofe  of  the  Indian  ocean.  The  beans  called  Oxeyes, 
which  grow  only  in  the  ^V^eR  Indies,  are  every  year  thrown 
np  on  the  coaft  of  Ireland,  i2co  leagues  diftant.  Seeds  and 
turtles  are  brougiit  to  the  Hebrides  from  the  Well  Indies 
and  America;  and  the  maft  of  the  Tilbury  man  of  war, 
burnt  at  Jamaica,  was  found  oa  thefe  coafts  :  the  current 
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which  wafts  thcfc  alono;  proceeds  in  a  north  dire6llon,  aiiiJ 
proves  that  the  Atlantic  current  conies  from  the  fouili,  and 
fets  in  north  durrng  our  winter.  The  currents  of  the  north 
annually  convey,  in  fumnier,  toward  the  fouth,  long  banks  of 
floating  ices  of  very  confiderabie  depth  and  elevation,  which 
run  aground  as  far  fouth  as  the  banks  of  Newfoundland. 

Rennefort  (June  20,  1666),  near  the  Azores  (in  lat.  40"* 
to  45  ),  faw  the  broken  mads,  failvards,  Sec.  wrecked  in  the 
engagement  which  lalled  four  days  between  the  Englifli  and 
Dutch,  from  June  11  to  i;^  :  tliis  naval  combat  took  place 
13  miles  to  the  north-weft  of  Oftend,  about  51°  north.  The 
currents  from  the  north  had  therefore  wafted  them  in  nine 
days  11'  fouth,  befides  a  confiderabie  progrefs  weftward. 

The  general  current  iflliing  from  the  fouth  pole  divides 
into  two  branches ;  one,  fctting  in  towards  the  Atlantic 
ocean,  penetrates  even  to  its  northern  extremity.  This  part, 
Itraitened  by  the  prominent  parts  of  Africa  and  America, 
forms  on  the  coaft  two  counter  currents,  which  proceed  in 
oppofite  direftions.  Onf^.  of  thefe  currents  runs  eaft,  along 
the  coaft  of  Guinea,  to  the  4th  degree  of  fouth  latitude;  the 
other  takes  its  departure  from  Cape  St.  Augultin,  proceeding 
fouth-wcft,  along  Brafil,  to  Maire's  Straits.  In  the  middle  of 
the  Atlantic  ocean,  beyond  the  ftrait  formed  by  the  two 
continents,  this  general  branch  puHics  on  north,  and  ad- 
vances to  the  north  extremities  of  Europe  and  America, 
brlncring  us  twice  every  day  along  our  coafts  the  tides  of  the 
fouth,  which  arc  the  half  daily  effufions  of  the  two  (ides  of 
the  fouth  pole.  The  other  bnmch  takes  a  direAion  fouth  of 
Cape  Horn,  ruflies  into  the  South  fea,  produces  the  mon- 
foon  in  the  Indian  ocean,  and,  having  made  the  tour  of  the 
globe,  unites  itfelf  bv  the  Cape  of  Good  Hope  to  the  general 
current  which  enters  the  Atlantic  ocean. 

In  our  funimer,  commencing  toward  the  end  of  March, 
when  tlie  fun  retires  from  I'le  fouihcrn  hemifpherc,  and  pro- 
ceeds to  warm  the  north,  ti.e  effufions  of  the  fouih  pole  are 
ftayed,  thofe  of  our  pole  begin  to  flow,  end  the  currents  of 
the  ocean  change  throughout  every  latitJue  The  general 
ci'.rrcnt  of  our  leas  divides  alfo  into  two  branches ;  the  tlrft 
<lcrivi;jg  its  fuurcc  from  Waigats,  Iludfon's  Bay,  Ike.  flows 
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With  the  rapidity  of  a  iluice,  dcfcends  through  the  Atlantic 
ocean,  croflTcs  the  line,  and,  finding  itfelf  confined  at  the  fame 
Strait  of  Guinea  and  Bralil,  forms  two  lateral  counter  cur- 
rents fetting  in  north  :  thefe  counter  currents  produce,  on  the 
coafts  of  Europe,  the  tides  which  appear  to  come  from  the 
fouih.  The  general  current  advances  fouth,  arrives  about 
the  month  of  April  at  the  Cape  of  Good  tlope,  and  rt-nders 
the  paffage  round  this  cape  fo  difficult  to  veffels  returning 
Irom  India  at  this  feafon  ;  about  the  middle  of  May  it  reaches 
the  coafts  of  India,  produces  the  weft  monfoon,  and,  having 
eucompaflTed  the  globe,  proceeds  to  Cape  Horn,  re-afcends 
the  coafts  of  Brafil,  and  creates  a  current  terminating  at 
Cape  St.  Auguftin. 

Tlie  other  general  branch,  which  receives  much  Icfs  of  ihe 
icy  effufions,  ilTues  between  the  continents  of  Afia  and  Ame- 
rica, and  defcends  to  the  South  fea,  where  it  is  re-united  to 
the  firft  branch.  The  ocean  accordingly  flows  twice  a  vear 
round  the  globe  in  oppofite  fpiral  directions,  taking  its  de- 
parture alternately  from  each  pole,  and  delcribes  on  the 
earth  the  fame  courfe -which  the  fun  does  in  the  heavens. 

The  courfe  of  our  tides  towards  the  north  in  winter  is  not 
an  etfe6tof  the  lateral  counter  currents  of  the  Atlantic  ocean, 
but  of  the  general  current  of  the  fouth  pole,  which  runs 
north.  In  this  dire6fion  almoft  throughout  it  paiTes  from  a 
wider  fpace  into  a  narrower,  and  carries  before  it  at  once  the 
whole  mafs  of  the  waters  of  the  Atlantic  ocean,  \Aithout  per- 
mitting a  fingle  column  to  efcape  either  to  the  right  or  left. 
However,  if  it  meet  a  cape  or  ftrait  to  oppofe  its  courfe,  it 
would  form  there  a  lateral  current,  as  at  Cape  St.  Augultin, 
and  in  Africa  about  10"  N.  lat. ;  for  in  the  fummer  of  the 
fouth  pole  the  currents  and  tides  return  fouth  on  the  Ame- 
rican, and  eaft  on  the  African  ftde,  the  whole  length  of  the 
Gulph  of  Guinea,  in  contradiction  to  all  the  laws  of  the 
lunar  fyftem. 

From  thefe  polar  eifufions  the  principal  phaenomena  of  the 
tides  may  be  explained.  It  will  be  evident,  for  example,  why 
thofe  of  the  evening  fliould  be  ftronger  in  fummer  than  thofe 
•  of  the  morning  ;  becaufe  the  fun  a6ts  more  powerfully  by 
day  than  by  night  on  the  ices  of  the  pole  an  the  faijie  meri- 
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dian  as  ourfelves  :  and  alfo  whv  our  morning  tides  in  wintel* 
rife  higher  than  thofe  of  the  evening,  and  why  the  order  of 
our  tides  changes  every  fix  months;  bccaufc,  the  fun  being 
alternately  towards  both  poles,  the  effeil  of  the  tides  muft  be 
oppofite,  like  the  caufes  which  produce  them.  At  the  fol- 
ftices  the  tides  are  lower  than  at  any  other  fcafon  of  the  year, 
and  thofe  likewifc  are  the  feafons  when  there  is  moft  ice  on 
the  two  poles,  and  confequenilv  leafr  water  in  the  fea  :  the 
reafon  is  obvious,  the  winter  folftice  is- with  us  the  feafon  of 
the  greatcft  cold ;  of  courfe  there  is  the  greateft  poffible  ac- 
cumulation of  ice  on  our  pole  and  hemifphere.  At  the  fouth 
pole  it  is  indeed  the  fummer  folftice  ;  but  little  ice  is  then 
melted,  becaufe  the  action  of  the  greateft:  heat  is  not  felt 
"there  as  with  us,  till  the  earth  has  an  acquired  heat  fuper- 
added  to  the  fun's  a6lron,  which  takes  place  the  fix  weeks 
following  the  fumiiTer  folftice. 

At  the  equinoxes,  on  the  contrarv,  we  have  the  higheft 
tides  ;  and  thefe  arc  precifely  the  feafons  when  there  is  lead 
rce  at  the  two  poles,  and  of  courfe  the  greateft  quantity  of 
water  in  tlie  ocean.  At  our  autumnal  equinox  in  September, 
the  greateft  part  of  the  ices  of  the  north  pole  is  melted,  and 
thofe  of  the  fouth  pole  begin  to  difliblve.  The  tides  in 
March  rife  higher  than  thofe  in  September,  becaufe  it  is  the 
end  of  fumnrer  to  the  fouth  pole,  which  contains  much 
more  ice  than  ours,  and  confequently  fends  a  greater  mafs  of 
water  to  the  ocean. 

I  fliall  fay  nothing  (he  proceeds)  of  the  intermittence  of 
tlie  polar  cfFufions,  which  produce  on  our  coaft  two  fluxes  and 
two  refluxes  nearly. in  the  fame  time  tliat  the  fun,  making 
the  circuit  of  the  globe,  alternatelv  heats  two  continents  and 
two  oceans,  that  is,  in  the  fpace  of  24  hours,  during  which 
his  influence  twice  afts  and  is  twice  fufpencFed  ;  nor  fliall  I 
fpeak  of  the  retardation,  which  is  nearly  |  of  an  hour  every 
day,  and  which  feems  regulated  by  the  different  diameters  of 
the  polar  cupola  of  ice,  whofe  extremities,  melted  by  the  fun, 
diminifb  and  retire  from  us  everyday,  aiid  whofe  efTufions 
muft  confequently  require  more  time  to  reach  the  line,  and 
to  return  from  the  line  to  us.  Nor  fliall  I  dwell  on  the  other 
relations  thcfe  polar  periods  have  to  the  phafes  of  the  mooit, 
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efpecially  when  fhe  is  at  full ;  for  her  ravs  poircfs  an  evapo- 
rating heat,  as  the  late  experiments  at  Rome  and  Paris  fully 
demondrate*;  much  lefsfliall  I  involve  niyfelf  in  a  difcuflion 
of  the  tides  of  the  louth  pole,  which  in  rummer  in  the  open 
fea  come  in  vaft  furges  from  the  fouth  and  fouth-\ve(t.  There 
are  two  tides  everv  day;  becaufc  the  fun  warms  by  turns, 
every  24  hours,  the  call  and  weft  fide  of  the  pole  in  fufion. 
Precifely  the  fame  efitcl  takes  place  in  lakes  fituated  in  the 
vicinity  of  icy  mountains,  which  have  a  flux  and  reflux  in 
the  day-time  only.  But  it  cannot  be  doubted  that,  if  the  fun 
warmed,  during  the  night,  the  other  flde  of  thefe  mountains, 
they  would  produce-  another  flux  and  reflux  ;  and  conle- 
quently  two  tides  in  24  hours,  like  the  ocean. 

We  are  not  to  imagine  that  every  tide  is  a  polar  -cffufion 
of  the  particular  day  on  which  it  happens,  but  an  eifect  of 
ihe  feries  of  polar  eflufions;  lb  that  the  tide  which  takes 
place  on  our  coafts  to-dav,  is  .perhaps  part  of  that  which  took 
place  fix  weeks  ago.  But  here,  too,  niuft  we  admire  the 
harmony  of  nature  :  the  evening  and  n>orning  tides  take 
place  on  our  coafts  as  if  they  ifiued  that  very  day  from  the 
higher  and  lower  part  of  our  liemifphere ;  and  the  tides  of 
fummer  are  precifely  oppofite  to  the  tides  of  winter,  as  are 
the  tides  from  whence  tliey  flow ;  our  evening  tides  in  fum- 
mer, and  our  morning  tides  in  wini-er,  being  greateft. 

If  the  tides  are  ftronger  after  the  full  moon,  it  is  becaufe 
that  luminary  increafes  by  her  heat  the  polar  efFufions,  and 
confequently  the  quantity  of  water  in  the  ocean. 

Let  us  now  explain  why  the  tides  of  the  South  fea  do  not 
refemble  thofe  of  the  Atlantic  ocean.  The  irregular  efliifions 
of  the  poles,  not  being  narrowed  in  the  fouthern  hemifphere, 
as  in  ours,  produce  on  the  fliores  of  the  Indian  ocean  and 
South  fea  expanlions  vague  and  intermitting.  The  fouth 
pole  has  not,  like  the  north  pole,  a  double  continent,  which 
feparates  into  two  the  divergent  eflufions  daily  produced  by 
the  fun :  it  has  no  channel  in  pafling  through  which  its 
effluxes  fliould  be  retarded:  its  eflufions  accordingly  flow  di- 
rectly into  the  vail  fouthern  ocean,  forming  on  the  half  of 
that  pole  a  feries  of  divergent  emanations  which  perform  the 
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tour,  of  it  in  34  hours,  like  the  ravs  of  the  fun.  When 
a  bundle  of  thefe  etFufions  falls  upon  an  ifland,  it  produces 
there  a  tide  of  twelve  hours,  i.  e.  of  the  fame  duration  wilh 
that  which  the  fun  employs  in  heating  the  icv  cupola  through 
which  the  meridian  of  that  ifland  palles ;  fujh  are  the  tides 
of  the  illands  of  Otaheite,  Maflailiero,  Ne.v  Holland,  New 
Britain,  Sec.  :  each  of  thefe  tides  lafts  as  long  as  the  courfe 
of  the  fun  above  the  horizon,  and  is  ret^ular  like  his 
courfe. 

In  the  nothern  part  of  the  South  fca  the  two  continents 
approach  :  they  pour  therefore  bv  turns,  m  fumnier,  into  the 
channel  which  feparates  them,  the  twofemi-diurnal  etfufions 
of  their  pole,  and  there  they  collect  by  turns,  in  winter,  thofe 
of  the  foulh  pole,  which  produces  two  tides  a  dav  as  in  the 
Atlantic  ocean.  But  as  this  channel  about  the  55"^  of  N.  lat. 
ceafes  to  exilt  by  the  fudden  divergence  of  the  continents  of 
Afia  and  America,  thofe  places  only  fituated  in  the  point  of 
divergence  of  the  northern  parts  of  thefe  two  continents  ex- 
perience two  tides  a  day.  Such  are  the  Sandwich  Iflands. 
Where  fuch  places  are  more  expofed  to  the  current  of  the  one 
continent  than  the  other,  its  two  femi-diurnal  tides  are  un- 
equal, as  at  the  entrance  of  Nootka  Sound  :  but  when  it  is 
completely  out  of  the  influenct^  of  the  one,  and  entirely  under 
that  of  the  other,  it  receives  only  one  tide  of  twelve  hours 
every  day,  as  at  Kamtfchaika.  Thus,  two  harbours  may  be 
fituated  in  the  fame  fea  under  the  fame  parallel,  and  one 
of  them  have  two  tides,  and  the  duration  of  thefe  tides,  v\  he- 
ther  double  or  fingle,  double  equal  or  double  unequal,  regu- 
lar or  retarded,  is  always  13  hours  every  24  hours,  i.  c.  pre- 
cifely  the  time  the  fun  employs  in  heating  that  half  of  the 
polar  cupola  from  whence  they  flow  ;  which  cannot  poflibly 
be  referred  to  the  unequal  courfe  of  the  fun  between  the  tro- 
pics, and  much  lefs  to  that  of  the  moon,  which  is  frequently 
but  a  few  hours  above  the  horizon  of  fuch  harbours.  All 
iflands  are  in  the  midd  of  currents  :  on  lookins:  therefore  at 
the  fouth  pole  with  a  bird's-eye  view,  we  (liould  ice  a  fuc- 
ceflion  of  archipelagos  difperfed  in  a  fpiral  hue  all  the  way 
to  the  northern  hemifphere,  which  indicates  the  current  of 
the  fea,  juft  as  the  projedlion  of  the  two  continents  on  the  fide 
of  the  north  pole  indicates  the  current  of  the  Atlantic.  Thus, 
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the  courfe  of  the  Teas  from  one  pole  to  the  other  is  in  a 
fpira!  line  round  the  glol-je,  like  the  courfe  of  the  fun 
from  one  tropic  to  the  other :  admitting  therefore  the  alter- 
nate fufion  of  the  polar  ices,  all  the  phcenomena  of  the  tides 
and  currents  of  the  ocean  may  be  explained  with  the  grealeft 
facility. 

I  have  then  eftabliflied  by  fadls  fimple,  clear,  and  nume- 
rous, the  difaorreement  of  the  tides  in  mod  feas  with  the 
moon's  action  on  the  equator,  and  their  perfect  coincidence 
with  the  fun's  a<5tion  on  the  polar  ices. 

I  have  no  doubt  various  objc(Slions  may  be  urged  againft 
this  hafty  explanation  of  the  courfe  of  the  tides,  &c.  But 
thcfe  phyfical  caufes  prefent  themfelves  vi'ith  a  higher  degree 
of  probability,  fimplicitv,  and  conformity  to  the  general 
progrefs  of  nature,  than  the  adronomical  caufes  by  which  it 
is  attempted  to  explain  them. — Thus  far  St.  Pierre. 

I  hefitate  whether  I  ought  not  to  apologife  for  occupying 
fo  much  of  your  time  and  attention  in  the  detail  of  a  theory 
which  may  be  deemed  unworthy  of  ferious  notice  ;  yet  1 
flatter  myfelf  it  will  afford  an  opening  to  curious  and  interell- 
ing  Qifcuffion.  St.  Pierre  complains  that  the  prejudices  of 
mankind  arc  fo  ftrong  in  favour  of  received  opinions,  that  he 
cannot  obtain  a  hearing. 

To  the  beft  of  my  judgment  I  have  offered  a  fair  and  can- 
did expofuion  of  a  hvpothefis  which  he  has  drefled  up  with 
fome  eloquence  and  much  declamation,  and  ufliered  into  the 
world  with  a  folemn  and  imjiofing  air  of  confidence  and  af- 
furance,  tolerablv  well  calculated  to  confound  the  ignorance 
and  candour  of  his  readers.  I  am  not  confcious  of  having 
omitted  any  material  fa£t  or  argument  which  lends  to  the 
fupport  and  elucidation  of  his  theory ;  I  have  neglected  much 
abfurd  reafoning,  yet  not  without  retaining  fome  curious 
fpecimens.  I  did  once  intend  to  have  entered  into  a  ge- 
neral examination  of  his  principles  and  reafoning  ;  to  have 
(hown  the  fallacy  of  the  former,  the  inconclufivenefs  and 
inconfiftencv  of  the  latter ;  hut  I  fhall  now  be  fatisfied  with 
offering  a  few  fafts  and  obfervations  extracted  from  the  2d 
and  third  voyage  of  Captain  Cook,  which  appear  to  me  de- 
cifive  of  the  quedion. 

Captain 
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Captain  Cook,  who  fpent  three  fummers  as  near  as  the  k:ft 
would  permit  his  approach  towards  the  foiith  pole,  found  on 
December  14,  1772,  and  from  that  date  to  the  beginning 
of  January  1773,  in  latitude  from  55^  to  64°  fouth,  a  vatt 
compafh  body  of  ice  which  prevented  his  further  pro- 
grefs.  The  thermomeier  varied  from  30°  to  35^.  Being 
immerfed  100  fathom  deep  for  about  20  minutes,  it 
came  up  34'';  and  on  the  J3th  of  January  1774?  on  a 
repetition  of  this  experiment,  the  open  air  being  36°,  the 
furface  of  the  fea  ;^^i^,  the  thermometer  came  up  32°. 
They  found  water  generally  freeze  at  ^;^\  "  We  certainly 
had  no  thaw,  (fays  he,)  the  mercury  keeping  ufually  below 
the  freezing  point.  Being  near  an  ifland  of  ice  (December  24, 
1772)  50  feet  high  and  400  fathom  in  circuit,  1  fent  the 
Diafter  in  the  jolly  boat  to  fee  if  any  water  ran  from  it.  He 
foon  returned  with  an  account  there  was  not  one  drop,  or  any 
other  appearances  of  thaw."  And  in  the  fummcr  of  1774 — 75 
his  experience  was  nearly  fimilar.  On  the  13th  of  February 
1775,  ^^^^  thermometer  i\ood  at  29".  In  his  3d  voyage  to 
the  north-weft  coaft  of  America,  on  the  J7th  of  Auguft 
1778,  in  lat.  70*^  44',  they  were  flopped  by  a  field  of  ice  10 
or  12  feet  high,  as  compaft  as  a  wall;  "  further  north  it  ap- 
peared much  higher ;  here  and  there  we  faw  upon  it  pools  of 
water;  we  tried,  but  found  no  current.  July  7,  1779,  lat.  69^; 
flopped  by  a  large  field  of  ice,  prefenting  a  great  extent  of 
folid  and  compact:  furface  not  in  the  fmallell  degree  thawed  : 
the  thermometer  ftood  at  31°." 

"  As  far  as  our  experience  went,  the  fea  is  clearer  of  ice  in 
Augull  than  in  July,  and  perhaps  it  may  be  ftill  freer  in  a 
part  of  September.  We  tried  the  currents,  and  found  them 
never  to  exceed  a  mile  an  hour;  we  found  the  month  of  July 
infinitely  colder  than  Auguft  ;  the  thermometer  in  July  was 
once  28°,  and  very  commonly  30^  ;  whereas  it  was  feldom  as 
low  as  the  freezing  point  in  Auguft." 

"  I  am  of  opinion  (fays  Captain  Cook)  that  the  fun  con- 
tributes very  little  towards  reducing  thefe  vaft  mafles  of  ice  ; 
for,  although  that  luminary  is  a  confiderable  time  above  the 
horizon,  it  feldom  fliines  out  more  than  a  few  hours  at  a  time, 
and  often  is  not  feen  for  feveral  days  in  fuccefiTion.  It  is  the 
wind,  or  rather  the  waves  raifed  by  thCj  wind,  that  reduces 
3  the 
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iTic  hulk  of  thefc  enormous  mafles,  by  grinding  one  piece 
againll  another,  and  by  undermining  and  waihing  away 
tliofe  parts  that  lie  expofed  to  the  furge  ;  and  more  ice  may 
be  dellrovcd  in  one  (lorniy  fcafon  than  is  formed  in  feverai 
winters,  and  its  accumulation  thus  prevented." 

This  evidence  clearly  proves  that  the  fun's  influence  at  the 
poles,  fo  far  from  being  C(]ual  to  produce  a  conftant  and  uni- 
form efteft,  creating  an  impnlfe  extending  its  effeft  to  the 
remotell  parts  of  our  globe,  and  a  daily  elevation  of  feverai 
feet  to  the  waters  of  the  ocean,  is  not  fufficient  in  the  hotted 
period  of  fummer  to  diftiife  a  fenfible  thaw  ;  and  thus  we  are 
convinced  that  a  few  plain  and  fimple  fa6ls  are  of  much 
greater  avail  than  a  multitude  of  fanciful  conje6lures. 
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E  have  perufed  this  work  with  much  pleafure.  It  is 
fcomprehenfive,  though  coneife;  and  the  manner  in  which 
the  author  treats  his  fubjeil  is  well  calculated  to  give  to  thofe 
who  wifh  to  ftudy  chemiftry,  not  only  a  knowledge  of  the 
theory,  but  alfo,  which  ought  to  be  the  chief  aim  of  every 
work  of  this  kind,  of  the  proceffes  and  manipulations  as 
applicable  to  the  arts  and  the  common  purpofes  of  life. 

The  apparatus  employed  in  modern  chemiftry  is  defcribed 
with  confiderable  accuracy  and  clearnefs,  and  iiluftratcd  with 
appropriate  engravings;  but  in  the  original,  the  connexion  and 
relation  of  all  the  parts,  though  very  correctly  given  z';/  out- 
line, are  not  fufficicntly  apparent  and  obvious,  efpecially  to 
tyros.  The  EngUfli  publifhers  have  done  juftice  to  the  work, 
and  even  a  fervice  to  the  fcience  of  chemiftry,  by  having 
their  plates  properly  lliaded  and  hichlv  liuiibed.     It  is  enough 
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of  them  to  fay,  that  they  are  from  the  graver  of  Lownr, 
and  equa]  in  merit  and  execution  to  thofe  given  in  the  Phi- 
lorophical  Magazine. 

The  tranflator,  who  has  not  given  his  name,  has  performed 
his  talk  in  a  manner  creditable  to  himfelf.  He  has  (hown 
himfelf  fomething  more  than  a  mere  literary  drudge  :  he  has 
corrected  feveral  overfights  of  the  aiuhor,  or  rather,  perhaps, 
inaocnracies  of  the  French  printer,  which,  though  often  only 
a  fingle  letvr  in  the  name  of  a  compound  body,  were  of  im- 
portance. The  terminations  in  atcs,  and  ites,  and  ati,  fo 
ufefal  in  the  modern  nomenclature,  have  this  inconvenience — 
they  are  fo  nearly  fimilar,  that  printers,  not  chemilts,  will 
often  fubflitute  the  one  for  the  other.  We  fpeak  this  from 
experience,  and  we  may  be  allowed  to  take  this  opportunity 
of  recommending  to  chemical  authors  always  to  revife  after 
the  printer  before  their  (lieets  are  put  to  prefs. 

A  fliort  appendix  has  been  added  by  the  tranflator,  con- 
taining fome  ufeFul  notes  and  notices  of  new  fa^ls  difcovered 
fince  the  original  work  was  publiflied  ;  and  alfo  feveral  tables 
of  French  weights,  8cc. 

We  fliall  here  give  a  few  extra6ls,  which,  at  the  fame  time 

that  they  ferve  as  a  fpccimen  of  the  work  and  of  the  tranfla- 

tion,  will  furnifli  information  or  amufement  to  fome  of  our 

readers. 

Fluoric  Acid. 

For  our  knowledge  of  the  fluoric  acid  we  are  indebted  to 
Scheele. 

This  appellation  was  given  to  it  becaufe  it  is  extra6led 
from  a  kind  of  earthy  neutral  fait,  known  under  the  name  of 
fparry  jluor,  phofphoric  mineral,  jiuate  of  lime. 

As  the  fluoric  acid  diflblves  glafs,  it  is  neceflary,  when 
you  wifli  to  have  it  pure,  to  employ  for  that  operation  veflels 
of  a  metal  on  which  neither  it  nor  the  fulphuric  acid  exer- 
cifes  any  aclion  :  lead,  among  the  known  metals,  is  that 
which  is  befl;  fitted  for  this  purpofe. 

There  are  two  methods  of  preparing  this  acid  :  ift,  With 
a  metallic  apparatus :   2d,  With  a  glafs  apparatus. 

ift,  To  obtain  the  fluoric  acid  alone,  and  free  from  every 
combination,  put  one  part  of  the  fiuate  of  lime,  reduced  to 

powder. 
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fowdcr,  Into  a  leaden  retort;  pour  over  it  three  parts  of  ful- 
pluiric  acid,  and  adapt  to  the  retort  a  leaden  receiver  half 
full  of  water.  The  operation  is  performed  with  a  balneum 
inariiB  ;  and  for  this  purpofe  you  put  the  retort  into  a  cop* 
per  or  iron  vcflel  containing  water,  or  into  a  falt-bath;  you 
flien  expofe  the  apparatus  to  a  gentle  heat,  and  the  fluoric 
acid,  in  proportion  as  it  is  difengaged,  will  be  abforbed  b^ 
the  water  in  the  receiver. 

For  this  purpofe,  inftead  of  a  receiver,  vou  adapt  to  the 
oriiice  of  tlie  retort  a  bent  tube  of  lead,  the  extremity  of 
uhich  is  introduced  xmder  a  mercurial  pneumatic  apparatus. 

2d,  When  this  acid  is  made  by  means  of  a  glafs  appara- 
tus, you  employ  a  retort,  having  adapted  to  it  a  tube  in- 
serted in  a  bottle  containing  diltilled  water. 

As  this  acid  has  the  property  of  diflblvihg  glafs,  it  feizefe 
Qu  the  filex,  which  appears  under  the  form  of  white  flakes. 

Care  mull  be  taken  to  employ  large  tubes,  efpeciallv  when 
you  operate  with  glafs,  as  for  want  of  a  fufficient  pafi^age  th^e 
gafeous  acid  is  comprelfed  in  the  retort,  and  its  action  oia 
the  glafs  is  augmented,  fo  that  the  retort  will  be  foon  cor- 
roded through. 

The  filex  dcpofits  Itfclf  in  the  water,  becaufe  the  latter 
has  more  affinity  for  the  flcid  than  the  acid  has  for  the  filex. 

If  you  preferve  fome  of  this  gas  under  a  glafs  bell,  it  wil4 
clilfolve  the  filex  of  the  glafs. 

If  you  plunge  into  it  an  extingui(hed  taper,  an  incrufta- 
tion  will  be  formed  on  the  wick,  becaufe  the  water  which 
ilTues  from  it  dilTolves  the  furrounding  acid  charged  with 
filex,  and  the  filiceous  earth  is  precipitated  upon  it  from  this 
jblution. 

This  gas  is  heavier  than  atmofpheric  air;  it  extinguiflie* 
a  liohted  taper,  kills  animals,  reddens  blue  vegetable  co- 
lours, and  has  a  penetrating  fniell,  which  approaches  near 
to  that  of  muriatic  acid  gas. 

It  corrodes  the  fkin  ;  it  undergoes  no  alteration  from  light. 

In  contact  with  the  air  it  emirs  white  fumes.  If  you  ex- 
pofe to  the  vapour  of  this  gas  in  an  earthen  vefl'el  animals, 
bits  of  fponge  a  little  muiftened,  charcoal,  Sec.  thfe  moifture 
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they  contain  will  difiolve  the  acid,  aad  the  (ilex  will  be  pre- 
cij'itated  upon  them. 

If  this  experiment  be  made  in  a  meia]  veffelj  the  fame  in., 
cruftation  will  not  take  place. 

It  thence  refults  that  the  earthy  fubftance  which  is  pre^ 
"Clpitated  by  the  contact  of  the  fluoric  acid  gas  and  the  water, 
is  nothing  elfe  than  a  portion  of  the  glafs,  which  is  attacked 
and  aftually  diifor  ed  by  the  aeriform  acid, 
y  It  often  happens  alio,  that  when  Lhis  gas  is  made  to  pafs 
into  water,  the  filex  is  precipitated  in  a  quartzy  pellicle. 
Each  bubble  of  tlie  acid  which  touches  the  water  is  imme»- 
diately  enveloped  in  filex,  and  leaves  on  its  way  as  it  afcends 
to  the  furface  of  twfe  water,  traces  in  the  form  of  tubes, 
which  Prieftley  calls  07-gan-pipes,  and  which  decreafe  to  «t 
point  upwards,  becaufe  the  bubble  decreafes  in  proportion  as 
the  water  diffolves  it,  and  the  filex  is  thus  carried  off. 

The  filex  depofited  in  the  veflels  is  foon  after  re-diflx)lveJ 
by  the  excefs  of  acid,  in  proportion  as  the  water  is  falurated  5 
for  the  water,  being  at  firfl;  little  faturated  with  the  acid,  ha? 
not  fufficient  ftrength  to  hold  the  filex  in  folution. 

Bergman  obtained  fluate  of  filex  in  a  cryffallized  form, 
When  the  fluoric  acid  is  made  in  earthen  veflTels,  you  will 
have  filex  depofited,  and   then  re-diffolved  by  the  re-a6lion 
of  the  acid :  this  is  a  real  fluate  of  filex  inftead  of  pure  fiu- 
orrc  acid. 

Alkalies  may  be  employed  for  detefting  the  prefence  of  the 
filex.  The  tafie  of  this  acid,  diffolved  in  water,  is  like  that 
of  the  fulphuric  acid  diluted  with  water,  or  of  vinegar. 
•  If  a  folution  of  fluoric  acid  in  water  be  expofcd  to  heat, 
part  of  the  acid  is  volatilized ;  but  the  lafi;  moleculie  adhere 
fo  ftrongly,  that  the  water  and  the  rcii  of  the  acid  are  vo- 
latilized, if  the  heat  be  incrcafed. 

This  acid  is  preferved  in  bottles  covered  on  the  infide  with 
wax  difTolved  in  oil,  or  in  veflx-ls  ot  lead  or  of  platina. 

Guyton  employed  this  property  to  engrave  Lilicls  on  bot- 
tles, and   in   particular  on  thole  dcilined  to  hold  acids,  the 
labels  of  which  when  made  of  paper  are  aKva\  s  burnt. 
The  elements  of  this  acid  are  Hill  entirely  unknown. 
[1  o  be  coiuiauet'.] 

JNTEL- 


[  ^h  ] 

INTELLIGENCE^ 

AN* 

MISCELLANEOUS   ARTICLES. 


Learned  societies. 

_  ROVAL   SOCIKTV  OF  LONDONV 

X  ilE  fittings  of  the  17th  November,  the  nth  and  iStH- 
t)t'cember,  were  occupied  in  reading  an  interefling  paper  ort 
the  mechanifm  of  the  eye,  by  Dr.  Young.. 

St.  Andrew's  day  falUng  on  a  Sunday,  the  anniverfary 
meeting  was  held  on  the  lil  of  Dccen^^ber.  The  auditor's 
report  on  the  ftate  of  the  finances  of  the  Society  was  read. 
The  names  of  the  new  members,  thofe  deceafed,  .ind  thoft; 
withdrawn,  were  declared  ;  and  the  names  of  ihe  officers  juf^ 
deftcd  were  announced.  The  Right  Hon.  Prclident  then 
•addrelfed  the  Society,  congratulating  them  on  the  procfrefs 
of  fcience  in  the  laft  year,  and  concluded  by  informing 
them  that  Sir  Godfrey  Copley's  medal  was  adjudged  to 
Mr.  H.  Howard  for  his  paper  on  fulminatins:  mercury.  Sif 
Jofcph  Banks  then  informed  the  Society  that  T>ir.  Howard 
had  alfo  difcovered  a  new  fulminating  filver,  and  is  now  en- 
gaged on  a  fubje£t.  that  promifes  to  prove  highly  interefting 
to  meteorologifts  and  hiinerulogifts,  namely,  the  anaiyfis  of 
ftones  that  have  fallen  from  the  clouds. 

SOCIETY    FOR    THE    ENCOURAGEMENT    OF    ARTS, 
MANUFAGTURKS,    AND    COMMERCE. 

This  Society,  which  has  rendered  much  fervlce  to  the 
arts  by  its  nuinerous  premiun>s,  that  its  efiorr?  may,  if  pof- 
fihle,  be  rendered  Hill  more  generally  ufeful,  has  juft  circu-' 
lated  the  following  notice  : 

O  0  i  Adelphi, 


084  Board'  of  Agriculture. 

Adelphi,  Dec.  S,  1800^ 
Premiums  bj  the  Society  for  the  Enceuragemcnt  of  ArtSy 
JManufa^iiires,  and  Commerce. 
The  time  of  propofing  anclpublifliing  the  premiums  to  be 
given  by  this  Societv  for  the  enfuing  year  now  approaching, 
the  patfons.of  the  arts,  and  ail  ingenious  men^  are  hereby 
invited  to  fugged  new  objecls,  to  which  the  Society  may 
extend  its  liberality. 

Communications  are  rcquefted  to  be  made  in  writing,  and 
a<]dreffcd  to  the  Society's  feqretary,  at  their  boufe  in  tli€ 
^de]i)hi,  on  or  .before  the  ift  of  Febniarv  1801. 

N.  B.  The  18th  volume  of  the  Traafa6iions  of  this  Society 
js  now  in  the  prefs,  and  will  fpeedilv  be  publidied. 

By  order,     CHARLES  TAYLOR,  S«;. 

BOARD    OF    AGRICULTURE. 

TbTs  Board  has  juft  publifhcd  the  following  lift  of  jirev 
ftiiums : 

.  This  Board  having  be<n  required,  by  a  committee  of  tR* 
Sbloufe  of  Lords,  *  to  exa.niine  into,  and  report  to  their  lord* 
4hip3i,  die  h^'X  means  of  converting  certain  portions  of  grafil 
(and  into  tillage,  without  exhauiting  the  foil,  and  of  returOi* 
iog  the  fame  tografs,  after  a  certain  period,  in  an  improved 
4jaLc,  or  at  leaft  without  injurv ;'  and  being  defirous  that  thei^ 
information,  on  »  fubjecl  of  fo  great  importance,  fliould  be 
complete,  atkpted  to  every  fort  of  foil,  and  founded  on  the; 
<Coil  ample  experience,  have  come  to  the  refolution  of  oti'err- 
•iug  the  following  premiunsi  for  that  purpofe^  ins^. 

To  the  perloii  who  (hall  j)roduce,  on  or  before  the  firft  day, 
<^Fcbruarv  1801,  the. heft  and  moil  fiiit-factory  e'fay  on  the 
^ibjei^  before  mentioned,  diflinguifhingj  refpeclively,  what^ 
part  of  the  plan  recommended,  or  of  the  details  given,  is  the 
•td"uit  of  a6lual  experiment,  accurate  obfervation,  or  welt 
authenticated  information,  200 /.  For  the  fccond  bed,  100/. 
€or  the  third  bed,  60/.    For  the  fourth  bed,  40/. 

Aaid  to  fuch  perfons  who  may  communicate  information, 
"which,  though  ufeful,  may  be  confidered  of  lefs  importance, 
foialle^  rcivartU^  proportional  io  thu  oj)iak)a  of  the  Board. 


^ardrf  jAgricniturc.  it?^. 

It  is  required  that  cnch  clTay  lliall  fully  detail  the  cnr.rfe 
•f  gropb,  regard  being  had   to  the  varieties  of  foil,  and  thcr' 
time  propofed  for  continuing  the  lantl  under  tillage. 

Alfo,  to  explain  the  ca^'S  in  which  it  may  be  eligible  to 
Jrain  land  prcvit)us  to  tillage. 

In  what  cafes  paring  and  burning  are  advantageous,  with  di- 
reAions  thereon,  regard  beimj;  had  to  the  fubfequent  croppinir. 
'i'he  depth  to  which  grafs  iands  ihouldj  at  lirft  breaking 
up,  be  ploughed. 

Whether  the  crops  Intended  for  cattle  and  fheep  are  to  b^ 
fcd  on  the  land,  and  bv  wliicii  kind  of  flock,  or  carted  off. 

To  ftatc  tlje  crop  with  which  the  grafs  feeds  in  each  cafie. 
ought  to  beiown,  when  the  land  (hall  be  afiain  laid  down  : — 
The  forts  and  quantities  of  grafs  feedj  for  each  kind  of  foil, 
jpid  whether  to  be  provided  by  landlord  or  tenant : — Whc- 
tlicr  it  be  befl  to  mow  or  feed  the  grafs  in  the  firfl  vear  after 
laving  down;  to  detail  the  management  in  each  cafe: — The 
manuring  wliich  may  be  thought  necclTar); : — The  principls 
on  which  an  increaie  of  rent  ought  to  be  eitimated,  whcre^^ 
permiilipn  muv  be  given  to  break  up  old  paflure""  now  under 
leafe. 

The  Boai-d  requires  that  thefe  objecls  fliould  be  particularly* 
attended  to,  with  relation  to  the  leading  qualities  of  land,  I'iz. 
— Clay,  in  all  its  diftinctions;  and  foils  too  flrong  or  wet  for 
turnips : — Loam,  in  ail  its  diftinctions,  fit  for  turnips  : — Sand, 
including  warrens  and  heaths,  as  well  as  rich  lands: — Chalk 
land  and  downs: — Pewt,  including ruoory,  fcdgy,  rough  bot- 
toms, and  ^c\M. 

It  is  hoped  that  no  perfnn  will  be  deterred  from  commu- 
nicating his  knowledge  to  the  Board  on  account  of  his  expe- 
rience being  confined  to  one  of  thefe  foil?  only. 

The  Board  refervesihe  power  of  withholding  any  premium, 
in  the  cafe  of  no  eflay  being  deemed  lufficiently  important 
to  merit  it. 

The  efTays  which  fliali  obtain  anv  premium^  or  other  re* 
\vard,  to  remain  the  property  of  the  Board. 

Each  etlay  to  be  fent  (fealed)  without  anv  name,  but- with 
a  mark  or  motto ;  and  accompanied  by  a  fealed  letter  wiib 
the  fame  maik  oj  motto,  gontaiging  the  name  andsiidrefs  of 

the 
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the  author;  and  this  letter  will  not  be  opened,  iinlefs  one  of 
the  prizes,  or  fome  other  reward^  fliall  be  adjudged  to  him^ 

All  communications  to  be  addrcfled  to  Lord  Carrhigton^ 
prefidentj  Sackvillc-ftrcet. 

FKEKCII    NATIONAL    INSTITUTE. 

The  following  account  of  the  labours  of  the  Phyfical  ahcl 
Mathematical  Clafs  during  the  laft  three  months  of  the 
year  8  was  read  by  C.  Delambre. 

C.  Meiffier  has  eiven  a  curious  comparifon  of  the  fummer 
of  the  year  1800  and  that  of  the  year  1792.  It  refvdts  from 
his  obfervations,  that  if  the  duration  of  the  heat  was  nearly 
the  fame  at  each  of  thefe  periods,  it  is  certain  that  in  the' 
year  1792  the  thermometer  kept,  pretty  conUautlv,  two  de- 
grees and  a  half  higher  than  in  the  year  iSoo;  but  what 
renders  the  laft  fummer  more  remarkable  is,  the  extraor- 
dinary lownefs  of  the  water  of  the  SeinCi 

In  the  year  1792,  the  water,  for  two  months  and  a  halfj 
Jcept,  pretty  conftantly,  at  about  an  inch  above  zero  of  the 
fcale  on  the  bridge  de  la  Tournelle.  During  four  days  only, 
it  funk  fo  low  as  zero.  On  the  nth  of  Auguft  laft  it  was 
ftill  lower  by  4*9  inches.  On  the  20th  of  Auguft  it  was 
even  ^'6^  inches  below  zero.  It  appears,  then,  that  in  th6 
year  1800,  \h^  deprtflion  of  the  water  of  the  Seine  was  fome- 
thing  more  than  fix  inches  greater  than  it  was  in  1792. 

The  year  1719  was  remarkable  aifo  for  a  long  drought  and 
deprefiion  of  the  river.  During  the  whole  of  that  year  there 
fell  no  more  than  nine  inches  four  lines  of  water  at  tl)c  ob- 
fervatory  of  Paris,  which  is  not  the  half  of  the  ufual  quan- 
tity. The  deprcffion  of  the  water  appeared  then  To  cxlraor'^ 
dinary,  that,  to  preferve  the  remembrance  of  it,  the  fcale  of 
the  bridge  La  Tournelle  was  conftrucled.  This  precaution, 
however,  did  not  prevent  us  from  having  325  millimetres  of 
wncertahity  in  regard  to  the  level  of  the  Seine  at  that  period. 
According  to  Parcieux,  the  deproflion  of  the  water  in  1719 
was  indicated  by  the  zero  of  the  fcale.  According  to  Euache, 
it  correfpofided  to  the  firft  foot  of  that  fcale.  Meiflfier  is  in- 
clined to  adopt  the  latter  indication.  But  however  this  may 
be,  it  is  certain  that  in  the  year  1800  the  river  fell  lower 
9  than 
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than  at  any  period  ever  rcrr.embered.  According  as  we  follow 
the  one  or  the  other  of  the  two  authors  above  mentioned^  the 
difi'ertnrc  wi'i'  Le  \6  or  48. 

C.  Moiflier.rcad  ah'o  a  ro^c  on  the  echpfc  of  the  moon 
whicli  triok  place  on  the  firH:  cf  Oclobcr  laft.  The  clouds 
prcvcnt'^d  him  from  obiVrio'j  the  commencement  of  it. 
Towards  the  middle  the  mco^i  appeared  nt  certain  intervals; 
and  he  took  advantage  of  ihefe  moments  to  meafure  twelve 
times  the  part  •'clipfcd.  At  ii  h.  21  'the  eciipfc  feemed  to 
be  at  an  enil :  u  was  more  certainly  fu  a'  n  h.  o'  40".  Ac- 
cording to  '.he  oblLi-  riiions  of  C.  I>:?lainbrc.  the  end  took 
place  about  11  h.  c/  30";  which  agrees  pretty  well  with  what 
might  have  been  exnecl:€d. 

C.  Pronv  read  a  nunicir  containing  a  defcription  and  the 

analytical  theory  of  a  uc-\-  ii^.ltrument,    proper  for  mcafuringi; 

the   length  ot    a  pendulu.r.  ihat  fwinc^s  feconds.     It  is  well 

known,  that  the  -irual   method  requires  the  niceft  attention, 

not  only  in  regard  to  the   form  of  the  bodv  made  to  ofcillate, 

but  alfo  that  the  urcillarions  may  not  be  prolonged  beyond 

two  hours  at  moi.  and  that  the  relults  deduced   from  thein 

may  be  alw  avs  lubordinate  to  the  regularity  of  the  time-piece 

which  fervv's  for  comparlfon  ;  and  in  the  lad  place,  the  ne- 

ceflity  of  fitting  up,  and   taking  to  pieces  the  apparatus,  mav 

leave  fome  doubts  relpecting  the  identity  of  the  experiments 

made  at   difterent  times,  and  in  different  places.    All  thefe 

inconveniences  C.Prony  propofes  to  remedy.  His  new  inllru- 

jtnent  fu|)erfedes  ihe  necellity  of  paying  attention  to  the  form 

of  the  ofcillating  body  ;  the  mals  of  it  is  too  conliderable  for 

the   ofcillations    to   continue    during    the  whole   time   that 

clapfes   between  two   confecutive   paflfages  of  a  (tar  over  the 

fame  vertical,  fo  that  the  lime-piece  of  comparifon  is  of  no 

further  tafe  than  to  count  with  more  facility    the  ofcillations 

of  the  pendulum  ufed  for  the  experiment. 

The  theory  of  C.  Prony  appears  to  be  clear  and  fatisfac- 
tory,  and  he  foon  intends  to  fubjc6i  his  new  pendulum  to  » 
trial.  The  ingenious  method  by  which  Borda  found  means 
to  corrccl  or  obviate  the  inconveniences  of  the  common, 
method  are  not  yet  forgotten.  His  determination  of  the 
length   of    the  pendulum  received   the   approbation  of  all 

learned 
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learned  men,  affembled  at  Paris,  for  fixing  the  neu-  tneaftirrs. 
If  it  be  difficult  to  attain  to  greater  precifK^n,  "it  will  at  leaft 
be  interctVing  to  fee  how  far  the  refults  obtriined  are  confirmed 
by  a  method  abfolutclv  diHercnt. 

C.  Flaugcrges  read  feveral  memoirs,  containing  obfer-. 
vations  on  various  fubjec^s ;  as,  on  the  phofphorelcence  of 
earth  worms  ;  on  the  effefts  of  thunder ;  on  balos,  or  lumi- 
nous rings  around  the  fun ;  experiments  tending  to  prov€ 
that  tiie  Ihadows  of  opake  bodies,  expofed  in  the  open  fields 
to  tiie  light  of  the  fun,  when  the  iky  is  ferene,  and  projected 
on  a  white  furface,  are  always  blue,  or,  more  correftly,  of 
the  colour  of  the  heavens  :  and,  in  tlie  laft  {>1hcc,  experiment^ 
from  which  it  refults,  that  the  waves,  produced  at  the  furface 
of  the  water  by  percuflion,  do  not  produce  a  movement  of 
Iranflation  in  the  parts  of  the  fluid,  as  has  been  believed,  ac* 
cording  to  Newton,  but  only  a  continued  depreifion  of  inlu- 
mefcence,  which  is  afterwards  propagated  circularly. 

C.  BrilTon  haspublilhed  I^hyfical  Principles  of  Chemiftry, 
defined  as  a  fupplemcnt  to  his  Principles  of  Natural  Philo- 
fophv.  The  author  compofed  this  work  chieflv  for  the  ufe 
of  the  ftudcnts  in  the  central  fchools.  It  contains,  in  a  clear 
and  methodical  order,  an  account  of  all  the  fubltanccs 
which  fall  within  the  province  of  chemiftry,  an  analyfis  of 
them,  their  fpecific  gravities  and  other  motl  remakable  pro- 
perties, with  a  defcription  of  the  principal  kinds  of  apparatus 
employed  for  chemical  experimeiits*, 

C  LRcroix  has  publiflied  his  Treatife  of  Differences  and 
Series,  forming  a  coniinuation  of  his  Treatife  on  the  Differ- 
tnlial  and  Integral  Calculus.  This  important  work  com- 
prehends in  one  fyftem  the  methods  fcattcrcxl  throtiirhout  dif- 
ferent academical  colleclions,  and  in  the  works  of  ilie  'jjreateft 
geometricians  of  modern  times,  'i'he  fame  author  has 
pubiifiied  a  fccond  edition  of  his  Treatife  of  Trigononutrv, 
and  the  application  of  Alucbra  to  Geoiuetrv. 
c  C*  Arboguft  hasjurt  publifhed  a  large  work,  entitled  Tlife 
Calculus  of  Derivations.  The  author  gives  the  name  of  de- 
rivations to  quantities  deduced  from  each  other  by  an  unifonn 

<ii\i  \Vt  arc  liappy  v  }e;frn  thnr  a  tfanflafion  uf  ihi*.  vtry  iiftful  wo;  k  is 
■Jjoivin  ihe  pr«l>,  and  will  ician  be  publJihed* 

procefe 
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procefs,  which  has  a  great  refemblance  to  that  ufed  for  finding 
the  differentials  of  all  the  orders. 

This  procefs  he  applies  to  different  polynomoils quantities; 
he  teaches  the  method  of  fiudino;  llie  derivations  in  their 
greatell  Hmplicity,  and  of  forming  them  almoft  without  any 
other  trouble  than  that  of  writing  them.  Each  term  of  the 
refoKition  may  be  obtained  directly,  and  without  being 
obliged  to  pafs  through  the  intermediate  ones. 

This  new  calculus  may  be  a})plied  to  fimple  and  double 
recurring  feries,  and  to  the  general  recurrence  of  feries.  It 
will  ferve  often  alfo  to  gi\e  more  generality  to  known  the- 
orems, more  vigour  and  brevity  to  demonftrations ;  in  a 
word,  it  is  of  the  grcalert  utility  in  the  differential  and 
integral  calculus,  which  indeed  forms  only  a  peculiar  cafe  of 
the  calculus  of  derivations. 

The  foreign  members  of  the  commiflion  of  weights  ancK 
meafures  continue  their  information  refpetiing  the  intereff. 
wtth  which  their  difierent  governments  receive  the  models. 
«if  the  metre  and  chilioo-ramme.  M.  Buffiie,  director  of  the 
obfervalory  and  of  the  board  of  longitude  at  Copenhagen^ 
informs  us  that  thefe  tv;o  models  have  been  committed  to  hia 
care.  C.  Tralles,  the  deputy  from  Helvetia,  and  tlie  mi- 
nifter  of  arts  and  fciences  for  that  republic,  gives  reafon, 
to  hope  that  the  metric  fyftem  will  be  adopted  in  that  coun- 
try. All  thefe  letters  have  been  printed.  We  muft  not  lier^ 
omit  a  circumftance  which  adds  to  our  hopes  in  regard  tp 
Helvetia  ;  which  is,  that,  by  a  fortunate  chance,  there  exifts 
a  very  fimple  and  remarkaiile  relation  between  the  metr^ 
and  the  Zurich  foot,  one  of  the  nxjft  ufual  meafures  in 
Swifferland.  This  foot  is  exactly  equal  to  three  decimetres, 
or  at  leaft  it  does  not  exceed  it  but  by  tv.'o  centi-m.iliimetrtS;. 
that  is  to  fay,  by  a  Tittle  lefs  than  the  hundredth  part  of  a 
line — a  quantity  that  may  be  nee;le(5ted  in  commerce,  arid 
which  is- often  inappreciable  even  La  the  nicefi  opsratious  of 
the  pbyfical  Icicuces 
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MISCELLANEOUS   ARTICLES, 

NATIRAL   HISTOKY. 

C.  Guerfaiit,  profeubr  of  natural  hlftory  at  Rouen,  tranf- 
mitted  lately  to  C.  Cuvier,  for  the  purpofc  of  exaniinptiojij  ^ 
quantity  of  bones  found  in  the  rocks  in  the  environs  of 
HonSeur,  by  the  late  Abbe  Eachelet,  and  which  belonged 
to  the  cabinet  of  the  central  fchool  of  Re  ucn.  C.  Cuvier 
has  dlfcovercd  among  thefe  bones  tiiofe  of  a  Vir.d  of  croco- 
dile, hitherto  imknown,  and  vcrv  dif!l'rent  from  the  foffil 
animal  of  Maeftricht,  w  hich  fomc  confider  r.s  z  crocodile 
alfo.  The  jaw-bone?  of  this  crocodile  cf  Honfitar  rtfcmble  in 
their  prolongatior.  ihofe  of  the  cavial,  only  the  teeth  are  not 
fo  equal,  and  the  futures  of  the  bones  are  differently  figured. 
The  nioft  ftriking  difference  is  in  the  vertebrie ;  thole  of  all 
the  known  crocodiles  have  the  anterior  face  of  their  body 
concave,  and  ihe  pollerlor  convex  ;  in  that  of  Ilonfleur  it  is 
precifely  the  contrary.  The  apophyfes  of  thefe  vertebrae  are 
alfo  more  complex  than  in  the  ordinary  crocodiles. 

This  animal  appears  to  be  about  1 8  feet  in  length;  its 
'bones  are  petrified,  and  ftrike  fire  with  fteel.  Their  hollow 
parts  are  filled  with  pyrites.  They  were  found  in  a  niarley 
kind  of  fione,  very  hard,  of  a  grayifli  colour,  and  from  which 
they  could  not  be  difenga2;ed  without  dii^iculty.  Befides  the 
tones  of  this  crocodile,  C.  Cuvier  has  found  others  which 
fecm  to  ariie  from  Imail  animals  of  the  cetaceous  kind. 

MEDICINE. 

The  following  account  of  a  very  lingular  difeafe  which 
attacks  men  and  animals  in  the  province  of  Chiacas,  in  the 
government  of  Potofi,  is  extracted  from  the  journal  of  Limm 
<^  The  malady,  which  Dr.  Como  Rueno  c-ilh  JurioJ'a  locura, 
is  one  of  the  mod  remarkable  fafts  in  the  hiftory  of  this 
province.  It  is  chiefly  in  the  village  of  Tutari  that  it  at- 
tacks men  and  animals,  but  among  the  latter  thofe  (fuch  as 
the  ox,  horfe,  fheep,  h.c.)  \vhiv.h  have  been  brought  from 
Europe ;  for  the  vigogne,  the  guanaco,  and  other  quadrupeds 
of  thecountEy,  are  not  expofcd  to  it.     No  forc^  Qan  reft  rain 

4  a  perfoD 
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'a  perfon  attacked  bv  this  difeafe,  during  the  firft  fits  of 
phrenfv.  Being  totally  a  Itrmiger  to  fentiments  of  fliamo,  he 
efcapesfroni  bed,  and  runs  \vith  violence  to  the  mountains. 
He  flies  from  precipice  to  precipice,  and  at  lafl:  throws  him- 
feif  from  the  firft  itecp  rock  he  finds  in  his  way.  In  general 
the  unfortunate  wretch  is  daihed  to  pieces;  but  if,  by  fome 
uncommon  chance,  the  fall  does  not  prove  mortal,  he  foon 
recovers  his  reafnn  and  health,  and  has  nothingr  more  to  fear 
from  a  return  of  this  fatal  malady.  I  fliall  noi  attempt,  favs 
the  author,  to  inquire  whether  the  mineral  effluvia  which 
rife  from  the  bofom  of  the  earth  in  a  country  expofcd  to  vol- 
canic convulfions,  may  not  have  as  great  a  fhare  in  this 
phenomenon'  as  the  conftitntion  of  the  inhabitants ;  but 
what  is  certain  is,  that  it  often  makes  its  appeannce  in  the 
province.  This  fact,  adds  he,  has  fo  nmch  analogy  with 
what  we  read  in  0\  id's  Metamorphofes  refpe6ling  the  leap 
of  Leucade,  that  t!ic  one  would  feem  to  have  ferved  as  the 
original  of  the  other.  Who  know?,  fays  he,  whether  the 
antient  fable  may  not  have  originated  from  fome  malady 
fimilar  to  the  above  ? 

A  furgeon  of  Madrid  has  been  able  to  diffblve  camphor  in 
water  by  means  of  the  carbonic  acid.  This  camphorated 
folution,  inje6ted  into  the  urethra  of  perfons  afflicted  with 
the  ftone,  allays  the  pain  almoft  inftantaneoully. 


CHEMISTRY. 


Mr.  Hahneman,  of  Altona,  has  difcovered  a  new  fixed  al- 
kali, which  he  c&lh  pneiim,  becaufe,  when  heated  to  rednefs, 
its  volume  is  extended  to  twenty  times  its  ufual  fize.  It  cryf- 
tallifcs  in  large  prifmatic  hexaedral  cryftals  terminated  by 
two  inclined  faces,  one  of  which  appears  to  be  triedral,  and 
the  other  pentacdral.  Thefe  cryftals  neither  run  per  deli- 
quium  nor  efflorefce ;  but  when  pulverifed  they  diflblve  at 
300^  of  Fahrenheit  in  half  their  weight  of  water,  and  melt 
almoft  in  their  water  of  cryftallifation.  At  6^"  of  the  fame 
thermometer,  140  parts  require  for  their  folution  about  500 
parts  of  water.  By  cold  they  feparate  from  the  water.  They 
do  not  diflblve  in  alcohol.  This  alkali  produces  but  little 
effervefcence  with  concentrated  acids.    With  vitriohc  acid  it 

forms 
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forms  a  fait  not  foluble  in  alcohol,  and  with  difficulty  ixt 
water.  The  neutral  falts  formed  with  this  alkali,  and  the 
nitrous,  muriatic,  and  phofphoric  acids,  and  thofe  in  parti- 
cular formed  with  the  acetous  acid,  dilTolve  with  eafe  not 
only  in  water  but  in  alcohol.  Its  muriate  cryftallifes  in  the 
form  of  feathers  :  its  phofphate  has  a  bitter  tafte.  All  thefe 
falts,  except  thofe  formed  by  the  phofphoric  acid,  part  with 
their  acids  by  heat,  and  the  alkali  remains  pure  :  the  fulphate 
requires  for  that  purpofe  a  red  heat;  the  nitrate  only  300''  of 
.Fahrenheit :  it  does  not  detonate  on  ignited  coals;  nor  does 
it  decrepitate,  or  become  luminous,  when  thrown  on  them. 

It  is  difficult  to  faturate  this  alkali  with  carbonic  acid,  as  it 
lets  it  efcape  in  the  ufual  temperature  of  the  atmofphere  : 
when  faturated  with  it,  it  aflumes  the  form  of  a  light  earthy 
fait. 

This  alkali  exercifcs  an  aftion  on  vegetable  colours.  It 
precipitates  metals  and  earths  from  their  folutions  in  4cids, 
and  in  the  fame  manner  as  the  other  alkalies.  It  produces  no 
chanseon  mercurius  duLis,  but  it  gives  to  corrofive  fublimate 
the  colour  of  carmine.  It  precipitates  the  nitrate  of  mercury 
black.  When  combined  with  oils,  it  forms  a  foap  which 
diflblves  in  alcohol.  Lime,  precipitateid  by  it  from  muriate 
of  lime,  is  foluble  in  diftilled  water.  It  does  not  decompofe 
muriate  of  ammonia  but  at  a  heat  of  100°  of  Fahrenheit. 

METEOROLOGY. 

During  the  violent  Itorm  on  Sunday  the  9th  of  November 
laft,  the  mercuiy  in  a  barometer  at  Walthamllow,  EflTex, 
was  very  vifibly  agitated  ',  the  vibrations  up  and  down  were 
perhaps  about  four  hundredth  parts  of  an  inch.  This  vibra- 
tion was  obferved  by  feveral  perfons,  and  was  ken  at  different 
periods  of  the  day,  during  which  the  mercury  rofe  very  Qpn- 
fiderably. 

The  fame  circuinftance  was  obferved  in  other  places. 
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1.  An  Effay  to  ilhijlrate.  the  Principles  of  Compojitlon  as 
co7incded  with  Land/cape  Fainting.  By  Mr.  Edward 
Dayes. 

To  the  Editor  of  the  Vhihfophkal  Magazine. 


A 


SIR, 


,S  landfcape  painting  is  at  prefcnt  a  very  fafliionable 
purfuit,   the  following  efiay  on  conipolition  may  not  prove 
unacceptable  to  feme  of  your  numerous  readers;   and  fliould 
fucli  further  obfcrvations  on  the  arts  as  I  may  have  leifure  to 
oficr,  be  deemed  of  importance  enough  to  find  a  place  in 
your  valuable  Maga,zine,  they  iliall  be  at  your  fervice. 
I  am,  with  much  refpeft. 
Sir, 
Your  obliged  humble  Servant, 

^EDWARD  DAYES. 


■  O  !   attend, 


Whoe'er  thou  art  whom  thofe  delights  can  touch, 

Whofe  candid  bofom  the  refining  love 

Of  Nature  warms, 

And  I  will  guide  thee  to  her  fav'rite  walks. 

And  teach  thy  folitude  her  voice  to  hear, 

And  point  her  loveiiefl:  features  to  thy  view,        Aken'side, 

General  Ohfervations. 
IT  will  be  found  on  inquiry,  that  the  principles  that  govern 
•one  part  of  the  arts  extend  to  every  other,   whether  the  fub- 
Voi..  VIII.  Qj}  jea 
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je6l  be  landfcape  or  hiftory  :  this  much  it  may  be  nccefTary 
to  preniife,  as  it  indicates  llie  dependence  of  one  part  on  an-, 
other  as  to  the  forming  a  whole.  By  an  inquiry  into  the 
obftruclions  to  the  obtaining  a  knowledge  of  this  elegant  and 
pleafmg  part  of  the  arts,  we  Ihall  find  it  arife  {as  in  nioft 
other  cafes)  from  want  of  knowing  what  plan  to  purfue, 
and  often  from  improper  in(];ru6lions  ;  much  of  our  fucceis 
depending  on  being  once  in  a  right  road, 

Many  arc  taught  to  bcUevc  that  by  copying  parts  they 
will  be  able  to  form  a  w  hole  ;  and  this  error  is,  in  lome  mea- 
fure,  encouraged  by  many  of  our  publications.  Few  things 
are  likely  to  prove  fo  injurious  as  purfuing  petty  plans ;  to 
dare  much  is  the  charafter  of  genius;  and,  if  we  muft  fall, 
let  us,  at  any  rate,  fall  like -Phaeton. 

The  means  mod  likely  to  enable  us  to  acquire  a  knowledge 
in  the  arts  is,  firft  to  ftudy  pi6lures,  and  then  refort  to  Na- 
ture; remembering  to  add  to  the  ftock  we  may  colle6t  from 
the  wifdom  of  others,  fuch  original  matter  as  may  refult  from 
our  own  diligence.  But  thqugh  copying  pictures  may  be 
i)eceflAry,  very  little  knowledge  will  be  obtained  by  it,  other 
than  what  depends  on  the  mechanical  parts  of  the  art.  He 
vvill  at  all  times  copy  befl:,  who  paints  befl: ;  nor  can  we 
hope  ever  to  become  great  by  merely  imitating  another:  by 
fuch  a  praftice  we  may  Icarn  how  to  mix  colours,  but  that 
is  very  ditferent  from  a  knowledge  of  colouring.  Tt  is  true, 
we  muft  reafon  from  caufe  to  eHTecl ;  but  that  is  a  modq  of 
inquiry  feklom  purfucd  by  the  vnnvQ  copyifl. 

Compofition  embraces  two  confiderations :  firft,  as  it  re- 
fpecls  allerations  which  may  take  place  in  a  view,  and  which 
is  by  the  artift  termed  compofing  it;  and,  fecondly,  as  it  ap- 
plies to  works  of  fancy  purely.  But  as  the  principles  of  one 
regulate  the  other,  all  that  will  be  necelfary  is  briefly  to 
ftate  that  no  liccnfe  fhould  be  taken  with  the  view  fo  as  to 
affei.^  the  general  features :  diverfifying  mafl'es  of  earth,  agree- 
ably breaking  the  foreground,  or  the  accidental  introdui-tion 
or  ornHfion  of  any  inferior  object,  is  allowable.  The  forms 
of  niountains,  Oiould  they  appear  difagreeable,  maybe  thrown 
in  fhade,  or  involved  in  clouds,  in  part,  to  conceal  them  ; 
and   the  fliadows  may  be  artfully  introduced  to  produce  an 
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tg^eeably-fliaped  mafs  of  light,  though  the  objefts  themfelves 
arc  iinplcafant. 

Thongh  we  may  be  thus  confined  in  treating  a  view,  there 
will  be  ample  latitude  for  the  dilplay  of  our  >a(fe  in  the  form- 
ation of  the  clouds,  trees,  light,  and  fhade,  and  in  the  dif- 
pofition  of  the  animated  objefts.  One  thing  highly  necef- 
iary  in  the  introduction  of  figures  is,  that  they  enter  into  and 
make  part  of  the  fcene;  and  not  come  in  as  mere  accompa- 
niments, or  as  having  no  connexion  with  the  reft  of  thft 
pifture.  This  error  is  daily  pratllfed,  and  argues  a  mo{t 
futile  imagination.  A  man  and  woman  talking,  a  folitary 
failor  with  a  bundle  at  his  back,  or  mifcrable  fifhcrman,  with 
now  and  then  a  cqw  or  two  to  keep  each  other  in  countei 
nance,  form  the  utmoft  aretch  of  fome  people's  fancy.  By 
a  little  refleaion  we  iliall  avoid  fuch  abfurdities,  and  be  en- 
abled to  introduce  our  little  group  with  fitnefs.  As  all  rank-i 
of  perfons  inhabit  the  country,  it  admits  of  the  utmoft  di- 
verfity  in  the  figures;  any  degree  of  elevation  or  delicacy 
may  be  given,  if  accompanied  by  an  appropriate  employ,  if 
the  fubjea:  is  paftoral,  though  the  figures  need  not  be  Arca- 
dian, the. low  and  vulgar  ftiould  be  carefully  avoided  :  it  is 
our  duty  to  raife,  not  deprefs,the  human  fpecies:  though  oMt 
purfuiLs  are  humble,  they  need  not  be  mean. 

One  thing  neeeirary  to  the  acquirement  of  exc^^ljerice  id 
this  (or,  indeed,  any  other  branch  of  ftudy)  is,  to  think  it 
ftn  objea  of  fufi5eient  eonfequence  to  deferve  all  our  atten- 
tion :  this  will  prevent  our  falling  into  a  carelefs  habit,  andi 
of  courfe,  going  from  bad  to  worfe.  Lord  Chefterfield's 
obfervation  lliould  never  be  loft  fight  of—"  What  is  worth 
doing,  is  worth  doing  well."  To  think  meanly  of  the  arts,  \i 
to  want  the  means  to  become  excellent.  Let  us  guard  aaainft 
a  common  error,  that  genius  cannot  exift  unconneaed^vith 
diftipation  :  the  fact  is,  the  moft  renowned  artifts  have  been 
the  moft  temperate.  Intemperance  and  ftudy  car.not  exift 
■in  the  (iime  mind,  or  at  leaft  in  fuch  a  degree  as  to  produce 
any  fenfible  advantage.  He  who  begins  his  career  of  life  ia 
the  gratification  of  his  corporeal  pleafures^  will  in  time  find 
the  memory  of  all  Qtber  delights  deadened,  and  ultimately 

Q..q  '^  iink 
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fink  into  a  torpor,  from  which  it  will  be  impoffible  to  roufr 
himfelf. 

When  this  the  watchful  wicked  wizard  faw, 

With  fudden  fpring  he  leaped  on  them  ftraight  j 

And  foon  as  touch'd  by  his  unhallow'd  paw, 

They  found  tliemfelves  withni  the  curfcd  gate. 

Full  hard  to  be  repafa'd,  like  that  of  Fate.      Thomson. 

The  figures  in  the  buftllng  fcen? s  of  Vernct  are  highly 
appropriate,  and  will  be  well  worth  confLilting ;  and  thofe  in 
the  landfcapes  of  N.  Pouffin  are  excellent  examples  of  the 
higher  ftyle.  Gainlborough  appears  to  be  the  only  inftance 
of  the  true  paftoral  that  this  country  has  produced,  and  is 
well  worthy  our  attention  for  the  figures. 

Materials. 

In  treating  of  compontion  as  it  relates  to  works  of  fancy* 
it  will  be  found  to  involve  an  inquiry  after  proper  objects, 
and  putting  them  together  fo  as  to  form  a  picture. 

By  proper  obje6ls  is  meant  the  moft  perfeft  of  their  kind, 
accompanied  with  an  application  the  moft  judicious.  And 
here  begins  one  of  our  greateft  difficulties,  the  difcovering 
what  is  proper,  as  it  embraces  an  extenfive  field  of  aAion : 
whoever  has  acquired  a  knowledge  of  what  is  right,  is  in  a 
fair  way  to  do  what  is  right.  The  foundation  of  all  tafte  is 
general  inquiry,  or  an  inquiry  after  the  fpecies ;  for,  though 
all  trees  are  green,  and  thofe  of  the  fame  genus  refemble 
each  other,  and  though  rocks  and  mountains  bear  a  particular 
form,  yet  fome  are  confeffedly  fuperior,  and  (liould  be  care- 
fully feleiied ;  for  painting  is  not  the  art  of  imitating  Nature 
tmcrely,  but  requires  the  aid  of  reafon  in  choofing  the  moft 
perfect  of  her  works,  and  rejecting  her  deformities. 

He  that  brin-^s  fiilfome  objefts  to  my  view 
(As  many  old  have  done,  and  many  new) 
With  nauftous  images  my  fancy  fills, 
And  all  go  down  Hke  oxymei  of  fquills. 

RuSCOMMO.V. 

This  principle  of  general  nature  equally  extends  to  colour 
and  every  other  part  of  the  art,  a  knowkcge  c*  vvhich  can 

only 
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only  be  obtained  from  Nature  through  the  medium  of  art  j 
that  is,  bv  carefully  attending  to  the  different  exccllenciea 
found  in  the  works  of  the  moft  efteemed  mafters,  and  dili- 
gently comparing  them  with  Nature.  By  fuch  a  pracHce  we 
(liall  in  time  be  enabled  to  feel  their  beauties,  aiid  then  we 
may  confider  ourfelves  in  a  fair  way  to  poflefs  the  like.  It  is 
not  a  flight  or  fuperficial  view  of  an  cReemed  picture  that  can 
benefit  us;  we  mull  fix  our  mind  fteadily  on  it  till  we  have, 
as  it  were,  analyfed  it,  or  difcovered  the  c^ufe  of  each  par- 
ticular effect,  as  the  only  means  to  enable  us,  in  our  future 
operations,  to  work  on  limilar  principles. 

With  a  view  to  affilt  our  inquiry,  it  may  not  be  amifs  \o 
point  out  the  peculiar  excellencies  to  be  found  in  the  work?  of 
fome  of  the  moft  celebrated  landfcape  painters.  N.  PoufTin, 
for  dignity,  will  be  found  highly  deferving  attention;  his 
buildings  and  figures  are  unequalled.  Titian's  colouring  is 
rich,  accompanied  with  great  freedom  of  hand  and  fine  forms 
of  trees.  G.  Pouflin's  mountains  are  grand,  and  generally 
form  a  fine  line  of  hori2on,  with  a  peculiarity  in  the  deep 
parts  of  the  pifture,  and  depth  of  water  truly  grand.  The 
eccentricities  of  Salvator  Rofa  will  furnifn  an  example  of 
great  union  of  parts  as  to  chiaro-fcuro,  colour,  compofilion, 
and  figures,  while  his  rocks  are  fviblime  and  grandlv  formctl ; 
the  whole  accompanied  with  great  freedom  of  penciling.  The 
colouring  of  Claude  is  fine,  accompanied  with  a  lovely  tone 
of  air;  but  his  compofillons  often  appear  ftudied  ;  or,  in  other 
words,  over-laboured,  from  the  introduction  of  too  many 
beautiful  parts.  Wilfon's  compofitions  are  grand,  with  a 
tone  of  colour  truly  T'lttamj'qiiey  and  a  light  and  (hade  un- 
equalled. 

The  paftoral  excellencies  muft  be  fought  among  the  works 
of  the  Dutch  and  Flemifh  mafters,  partioalarly  in  thofe  of 
Kubens,  whofe  colour  and  chiaro-fcuro  are  fine;  Teniers  jun. 
who,  for  firmnefs  of  touch  and  the  true  filvery  tone,  ftands 
unrivalled ;  Cuyp,  for  a  light  elegant  touch,  fine  colour,  and 
cattle;  P.  Potter  for  cattle,  and,  in  his  beft  pidures,  a  deep 
tone  of  colour;  both  the  latter  for  a  light  elegant  pencil,  ex- 
quifite  warm  amber  colour,  and  elegantly  formed  trees ;  Beg* 
h«m  aiid  Woverman's  for  animals,  with  a  long  ftring  of  et- 
ceteras : 
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cacteras:  Canaletti's  builtlings  arc  boltllv  handled,  with  a  fine 
tone  of  colour.  To  enumerate  the  excellencies  found  in  the! 
cliflercnt  mailers  were  endlefs  j  thefe  hints  may  ferve  to  dire(SB 
our  inquiry. 

It  would  be  unpardonable  to  pafs  over  the  merits  of  our 
countrymen  Gainlborough  and  Barrett  (not  to  mention 
many  juftly  celebrated  living  artifis,  whofe  works  will  ever 
rank  among  thofe  of  the  firft  mailers).  The  former,  for 
lightnefs  of  handling,  elegant  rufticity  of  figures,  breadth  of 
chiaro-fcuro,  and  fweet  filvery  tone  of  colour,  is  highly  worthy 
of  attention  j  while  the  latter,  for  the  character  of  a  tree  and 
the  true  tone  of  gray  diftance,  is  highly  eftimable.  The  three 
great  names  of  Wilfon,  Gainlborough,  and  Barrett,  form  a 
fchocjl  for  the  iludent,  while  their  labours  reflect  the  higheft 
honour  on  our  nation. 

Some  author  calls  painting  a  Jtxth  fenfe;  it  certainly  adds 
a  delight  to  the  exiftence  of  the  artifi:,  by  enabling  him  to 
enjoy  many  beauties  unnoticed  by  the  common  eve. 


-For  him  the  Surinf 


Diftiils  her  dcus,   and  from  the  filken  gem 
Its  lucid  leaves  unfolds  :   for  him  the  hand 
Of  Autumn  tinges  every  fertile  branch 
With  blooming  gold.  .  Akcn'sidh. 

Thofe  beauties,  as  they  cfcapc  common  oblervation,  fo  it 
will  become  our  boundcn  duty  not  to  fufiVr  them  to  pafs 
without  making  fuch  memorandums  as  may  fecure  them  for 
future  ufc  :  unlefs  we  do  this,  and  refort  iTcquenlly  to  Nature 
for  our  materials,  we  fliall  fall  into  a  habit  of  rcpeatino-  our- 
felves,  and  our  pictures  will  appear  as  if  made  up  from  the 
fame  fmall  itock  of  ideas.  It  becomes  an  indifpenfable  duty 
witli  us  to  view  everything  with  an  eye  to  the  art;  from 
the  palace  to  the  cottage,  from  the  craggy  rock  to  the  humble 
bank  of  eaith  :  the  various  kinds  of  trees,  with  each  fpecies 
of  fhrub,  muft  not  pafs  unnoticed.  To  the  artift  every  thino- 
is  of  \\{q  ;  beautiful  or  terrilJc,  awfully  vad,  or  elegantly  little ; 
all,  all  muft  be  trtrafnrcd  up  for  future  ufe :  but  flill  in  our 
refearch,  not  the  individual,  but  the  fpecies,  mud  form  the 
object  of  our  inquiry. 

Thii 
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The  lilgher  ftvle  of  landfcape  is  by  fome  termed  the  heroic^ 
to  dilHnguifli  it  from  the  palloral  *.  Among  the  ohjcifls  of 
which  the  former  is  compofed  may  be  coulidercd  temples, 
pyramids,  ruins  of  anticnt  palaces  and  caftlcs,  altars,  &c.; 
mountains  covered  with  fnow  or  involved  in  clouds,  hanging 
rocks,  and  huge  blocks  burfting,  as  it  were,'  out  of  the  earth, 
&c.  8cc.  Of  obje<?ts  for  the  latter,  cottages,  clofe  woods, 
with  open  views  of  champaign  countries,  &c.  8cc.  may  be 
noticed.  Thcfe  can  onlv  be  confidercd  as  making  the  general 
features  ;  a  further  information  will  depend  on  induftrv. 

To  act  is  as  neceflarv  as  to  think  :  he  who  fpends  a  life  in 
comparing  the  ftyles  of  diflcrent  mailers,  their  peculiarities 
of  colour,  efl'eol,  or  the  propriety  of  their  compofitions,  may 
in  the  end  find  himfelf  a  mere  critic,  but  will  never  raife 
himfelf  to  the.  rank  of  an  aitiil.  Great  advantage  will  be 
derived  by  frequently  comparing  our  works  vvitli  the  labours 
of  others,  which  will  give  u^  caufe  to  rejoice  at  our  improve- 
ment ;  or,  what  is  a  great  (lep  towards  it,  difcover  our  deftcts. 

Combination , 
In  forming  compofitions  it  will  not  be  fufficient  to  bring 
together  materials  only;  this  can,  at  beft,  ferve  only  to  indi- 
cate a  fertility  of  invention ;  they  muft  be  combined  in  fuch. 
a  way  as  to  prcferve  an  unity  in  the  whole.  Imagination  is 
fhown  in  the  produ(!:tion  of  materials,  but  to  arrange  theni. 
'  requires  the  loundeft  judgment.  To  make  all  the  parts  of 
the  pi6lure  tend  to  excite  but  one  emotion  will  require  the 
utmoll:  care.  If  the  fcene  to  be  dcfcribcd  i?  folemn,  no 
lively  or  fantailic  image  can  be  admitted  :  on  the  contrary, 
jf  the  agreeable  is  intended,  every  thing  gloomy  or  fad  flioulJ 
be  rcjecled.  The  neceflity  of  this  union  of  parts  is  equally 
imderttood  by  the  poet  and  painter,  as  the  foiiowing  quota- 
tions from  Milton  will  evince  :  ther  is  the  utmoft  unity  of 
parts  in  each,  though  lending  to  produce  different  fenfationi* 

Right  again. 'f  th    eaficr  •  j.-at-, , 
Where  c/e    reat  fun  bra;:us  i  is  ftat;, 
Rob'd  in  flpmts  and  amber  light, 
The  clouds  in  thouian  l  invents  dight, 

*  There  is  a  third,  a  fort  of  mixed  f  y'e,  w'.rc'i  uoc»  not  d«ferve  par- 
■  jjricularifii:^.  as  it  is  compofed  0.'"  tue  odi£f  two. 

VVijUc 


300  lUuJlratton  of  the  Princlphs  of  Comf  option 

While  the  pioughman,  near  at  hand, 

"VVhifties  o'i;r  the  furrow'd  land, 

And  the  milkmaid  fingeth  blythe, 

And  the  mower  whets  his  fcythe, 

And  every  fliepherd  tells  his  tale 

Under  tlic  hawthorn  in  the  dale.      L'Allegro'. 

How  animnted,  how  lively  is  the  whole  cffed,  particularly 
when  comraited  with  the  foilowino; : 

Till  civil  fjited  Mcrn  appear, 

Not  trick'd  and  frounc'd  as  ftie  wis  wont 

With  the  Attic  bov  to  hunt. 

But  kerchief 'd  in  a  comely  cloud, 

While  rocking  winds  are  piling  loud, 

Or  ulher'd  with  a  fnovver  flill, 

When  the  guft  has  blov%Tn  his  fill, 

Ending  on  the  ruftiirg  leaves. 

With  minute  drops  from  off  the  eaves.     Il  PENSE20sa. 

It  is  evident  from  the  above  examples  that  figures,  colour^ 
and  chiaro-jcuro,  rauft  all  have  one  tendency,  or  the  picture 
can  never  form  a  complete  whole. 

We  need  not  wonder  at  that  want  of  information  in  the 
hrgher  walks  of  art  which  at  prefent  pervades  fociety,  if  w6 
confider  the  want  of  knowledge  in  thofe  who  make  a  trade 
of  teaching,  and  that  of  the  number  of  drawing-books  poured 
on  the  public.  Some  confider  neatnefs  an  object ;  others, 
touch,  the  fonn  of  a  treej  or  ufiier  forth,  as  examples  of  art, 
jncorreil  fKetches  to  copy;  all  being  content  with  offering 
•apart,  none  teaching  the  combination  of  a  whole;  or  that 
to  embody  a  grand  idea  is  the  highelt  point  of  human  in- 
tellect. Wc  are  in  duty  bound  to  exert  ourfelves  to  improve 
the  national  tafte  by  every  fair  and  honeit  means;  and, 
ihould  wc  be  fo  unfortunate  as  not  to  fucceed,  we  may  be 
comforted  bv  the  recolleclion  that  to  labour  to  obtain  excel- 
lence is  excellent,  as  well  as  to  endure  whatever  may  happen 
to  be  the  refult. 

Many  deny  the  utility  of  th.e  arts,  while  others  acknow- 
ledge them  as  remotely  ufeful  only  ;  but  this  were  to  quef- 
liou  whether  fight  be  preferable  to  blindncfs,  fenfe  to  folly, 
fcr  life  to  death.  As  we  cxilt  in  the  fenfes,  to  give  them  a 
8  keener 
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keener  rclifli  through  the  medium  of  the  fcicnces,  is  truly 
Kpicureaii. 

The  bftll  method  to  improve  and  elevate  our  thoughts  will 
be,  by  fretiuently  contemplating  the  mtjft  noble  objecls  in 
nature,  and  taking  every  opportunity  of  viewing  pictures  the 
mofl;  likely  to  infpirc  fine  ideas.  But  we  Ihall  view  line 
works  of  art  to  very  little  purpofe,  if  we  feel  no  higher  wifli 
lluui  mere  imitation :  if  the  noble  cnthufiafm  of  rivalfhip 
does  not  ^olVefs  our  breafts,  it  is  much  to  be  feared  our  re- 
marks will  be  cold,  and  our  exertions  languid :  let  us  then, 
like  Jacob,  dare  to  wreftle  even  with  an  angel. 

Various  fchemes  have  been  recommended  to  afiift  the 
powers  of  imagination.  One  advifcs  contemplating  the 
breaks  in  the  plaftering  of  old  walls;  another,  the  veins  of 
marble ;  and  a  third,  as  the  iie  plus  ultra,  has  produced  a 
fyftem  of  blotting :  but  thofe  methods,  however  ingenious, 
arc  fallacious.  Gainfborough  is  faid  to  have  forn;td  land- 
fcapes  on  the  table  witli  broken  ftones,  dried  herbs,  and 
pieces  of  looking-glafs  ;  and  Chattelain,  whofe  drawing  he 
•was  fond  of,  ufed  to  defign  his  rocks  from  lumps  of  coal. 

This  is  a  bad  practice.  If  wc  do  not  refort  to  nature  for  our 
materials,  and  cotmeft  our  inquiry  with  the  beft  works  of 
•irt,  our  compofitions  muft  not  be  expected  to  rife  above  the 
palloral  charaHer  of  thofe  of  the  former,  and  our  rocks,  like 
thofe  of  the  latter,  may  fmell  of  the  coal-hole. 

The  Dutch  painters,  in  their  local  reprefentation,  have 
copied  each  object  as  it  occurred,  without  attempting  to  ini- 
prove  them  ;  which  many  imagine  gives  them  a  certain  na- 
tural air,  which,  bv  the  bye,  is  abfurd,  and  argues  a  great 
want  of  tafte :  this  error  equally  attaches  to  the  Flcniiih 
fchool,  and  may  be  feen  even  in  the  landscapes  of  Rubens. 
'I'he  univevfal  afte6tion  for  landfcape  painting  does  not  arife 
from  the  love  of  imitation  merely;  the  palloral  fcenes  of  the 
Dutch  delight  from  other  motives,  and  principally  becaufe 
familiar  to  every  imagination  ;  thcv  exhibit  a  life  of  peace, 
Icifure,  and  innocence,  with  joy,  plenty,  and  contfntmentj 
blefiings  not  to  be  found  in  tlie  buftling  fcenes  ot  active  !ife. 
One  rule  we  are  bound  to  obferve  in  the  palloral ;  that  is, 
not  to   reprefcnt  fcenes  of  wrc  tchcdnefs,  or  fuch  objects  as 
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may  difgnft.  In  compofing  fcenes  of  rural  life,  though  they 
do  not  require  anv  great  elevation  of  thought,  or  extraordi-r 
nary  capacity  in  the  arrangement  of  the  parts,  yet  they 
demand  the  grcatefl:  care  in  the  finifliing,  cleannefs  and  deli- 
cacy in  the  colouring,  and  the  utmoft  unity  and  limplicity 
throughout  the  whole.  To  give  intercft,  \vc  fliould  add  all 
that  {lock  of  kfler  graces  dependent  on  ourfelves ;  fuch  as  a 
light  elegant  touch,  heauty  and  cleannefs  ot  colour,  and  a 
graceful  limplicitvof  form.  Scenes  that  do  not  Intercft  from 
thcmfelves  n-'uft  be  made  to  do  fo  by  the  labours  of  the  artift  j 
but  where  the  fubjecl  is  grand,  we  (liould  clothe  it  with  all 
the  dignity  of  art,  accompanied  with  a  broad,  firm,  and  fpi- 
rited  handling. 

The  beautiful,  in  paintincr,  as  in  poetrv  and  niufic,  is  cal- 
culated to  move  the  fofter  pailions ;  therefore  every  thing 
abrupt'  and  hard  fliould  be  rejefted  in  the  forms  of  the  ob- 
jefts,  chiaro-fcuro,  or  colour ;  as  is  inftanced  in  Claude's  bcft 
pi<Slures.  But  where  a  ftrongcr  emotion  is  to  be  raifed,  the 
images,  forms,  colour,  and  light  and  fliade,  by  poflefling  con- 
trary properties,  will  confpire  to  excite  oppofite  fenfatioiiS,  as 
in  the  works  of  Salvator  Rofa,  and  fon:e  of  Wilfon's  grand 
pompofitions. 

Abrupt,  angular,  and  dark  objc6ls  affociate  beft  with  the 
fubhme,  accompanied  with  a  certain  degree  of  obfcurity  and 
(depth  of  colour. 

Violent  pafiions  of  the  mind  are  ever  accompanied  with 
actions  more  or  lefs  angular;  on  the^c()ntrar\-,  beautv  loves 
the  eafy  fveeping  line  of  grace,  with-^erfpicuityj  light,  and 
a  richnefs  of  colour :  in  faol,  one  efre<J-l  fliould,  as  much  as 
pofTibic,  be  calculated  to  extile  painful,  the  other  ai£reeable, 
fenlations.  Mountains  involved  in  clouds,  and  objects  feen 
throucfh  a  mift,  will  always  ai)pcar  with  more  dignity  than  if 
diitiu(5tly  viewed. 

All  agreeable  fenfatinr)s  are  fouriclcd  in  temperance :  too 
great  a  quantity  of  light,  colour,  or  found,  excites  pain.  It  is 
the  temperate  of  eating,drinking,  deeping,  nav,of  cver\'  tiling, 
that  makes  them  delightful.  The  intemperance  of  Alexander 
faufed  him  to  weep  tor  more  world?  to cortquer — Horrid! 

Maify  and   dark  fkics  will   beft  aribciate  with  the  grand, 
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while  the  more  hght  and  fleecy  will  ever  attend  the  beau-* 
tlful. 

As  lines  are  ftrongly  expreflive  of  motion  and  paflion, 
perhaps  in  a  boifterous  fky  the  forms  ought  to  interfedt 
eaeh  other  more  angularly  than  in  a  tranquil  fcene ;  for,  as 
a  ftraight  line  is  indicative  of  reft,  every  departure  from  it 
muft  imply  motion  ;  therefore  the  nearer  the  forms,  in  crofT- 
ing  each  other,  approach  to  a  right  angle,  the  more  exprcflive 
of  violence.  But  we  muft  ufe  caution  in  the  pra6lice.  Tlie 
(lowlv  glidincr  river  excites  the  idea  of  reft  in  its  ftraight  lines, 
in  oppofition  to  the  contorted  ones  in  the  rufliing  current : 
the  violent  motion  of  li^htnino-  is  always  in  acute  angles. 
It  is  nearlv  the  fame  whether  the  eve  or  the  objeft  moves: 
if  the  fight  is  employed  in  tracing  lines  running  abruptly  in 
contrary  directions,  it  will  convey  the  idea  of  violent  molion, 
though  it  is  not  the  lines  but  the  tye  that  moves.  The  eafy 
ferpentine  fweeping  lines,  expreffix  "  of  the  meandering  of 
rivers  or  roads,  fcrvc  wonderfidlv  to  carry  off  the  didance. 
Of  this  there  is  a  line  example  in  the  pi6ture  of  "  Going  to 
market,"  by  Rubens,  at  Buckingham-houfe.  The  fame  thing, 
if  ufcd  with  caution,  in  the  formation  of  the  clouds,  will 
carry  the  eve  into  the  diftancc,  and  help  the  deception. 

Thofe  who  have  not  the  opportunity  of  frecjiently  applying 
to  pitlures,  will  find  their  advantage  in  a  good  collection  of 
prints;  but  they  muft  not  be  ufcd  to  fteal  from  (which  is 
beneath  the  dignity  of  a  great  and  independent  fpirlt),  but 
to  ftudv  from,  to  acquire  a  knowledge  of  conipofition  and 
chiaro-fcuro. 

An  indifferent  original  compofition  v.ill  always  be  fuperior 
to  one  patched  together  with  ftolcn  materials.  The  arts 
would  be  unworthy  our  purfuit,  were  they  of  eafy  attain- 
ment; we  ftiould  therefore  (if  we  wifti  to  attain  excellence) 
be  careful  not  to  fuffer  ourielves  to  be  robbed  of  our  time 
through  an  indolence  of  fpirit;  fomething  ftiould  be  done 
cverv  dav,  if  we  expeft  luccefs.  He  who  feels  a  defire  to 
acl,  Ihoidd  be  prompt  to  embrace  the  golden  offer:  if  we 
nciilecl  the  opportunity  to-day,  we  flioll  feel  lefs  inclined  to- 
morrow;  nor  are  we  fure  at  any  other  time  wa  fl)all  be  able 
to  rekindle  the  fame  ardour.     To  act  is  far  tiifier  than  to 
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fuffer;  let  us  therefore  hufbaiid  that  time,  the  continnanCiC. 
,  of  which  is  fo  uncertain,  and  whofe  lol's  is  irrecoverable. 

Be  wife  to-day  ;   'tis  madnefs  to  defer ; 

Next  day  the  fatal  precedent  will  plead  : 

Thus  on,  till  \vi!ds)m  is  puih'd  out  of  life.       YouxG. 

In  arranging  the  materials  of  our  picture,  nil  that  can  be 
recommended  is,  to  avoid  regular  forms  in  the  mafsofob- 
jeAs  ;  as  angular,  circular,  or  any  geom.etrical  figure.  That 
regularity  which  conftitutes  a  beauty  in  buildings,  would 
become  a  deformity  in  landfcape.  Should  a  long  line  of 
horizon,  or  any  other  objects,  occur  in  a  view,  to  diverfifv 
it,  fome  part  (liould  be  left  obfcure,  if  it  does  not  admit  of 
breaking;  and  in  compofmg  the  clouds,  and  light  and  (liade, 
we  have  an  opportanitv  of  helpino;  the  effccl  by  giving  them 
a  flight  tendency  to  a  contrary  direction:  few  things  appear 
fo  unpleafant,  as  tirefome  long  horizontal  lines  following 
each  other.  But,  however  defirable  variety  may  be,  we 
lliould  be  careful  to  e;uard  ao;ainft  runnincr  into  an  affected 
contraft;  a  worfo  evil  of  the  tw-o.  AVc  mull:  be  cautions 
that  our  compofition  docs  not  crowd  too  much  into  one  part 
of  the  piifurc;  but,  by  way  of  fupporting  a  fort  of  balance, 
fome  one  mafs,  as  a  counterpoife,  fl)ould  appear  in  another 
part :  this  is  not  confined  to  the  objects  merely,  but  equally 
extends  tt)  ch'uiro-J'airo  and  colour,  to  prevent  a  fpottinefs. 
It  is  a  fault  not  uncommon  to  have  too  many  parts  in  the 
compofition  :  this  Ihould  be  avoided  in  elevated  fcenes,  whofe 
parts  (liould  be  fimple  and  litLlc  decorated  :  nmch  finiftiing 
would  deftroy  the  fimple  dignity  inch  fubjecls  require.  The 
back-grounds  to  fome  of  Sir  Jolhua's  piCitures  are  in  the  firlt 
Ilyle  (jf  landfcape  painting. 

It  will  be  our  duty  to  diveft  ourfelves  of  prejudice  as  much 
as  polfible  in  viewing  works  of  art ;  if  we  become:  partial  to 
one  maiter,  we  lofe  the  benefit  we  ought  to  derive  from 
jhem  all :  and  let  us  by  no  means  adopt  the  conduct  of  thofc 
who  view  old  pictures  to  find  cut  tiieir  excellencies,  and 
modern  ones  their  defect?.  Painting,  as  before  obfervcd,  i;> 
not,  what  mauv  ignonuulv  mppofc,  the  art  of  copying  Nature- 
nierely :  n0;>  no;  it  requires  the  aid  of  reafon,  and  ftrong^ 
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rcafon,  to  judge  of  what  is  fit  for  the  art,  aud  that  It  is  which 
makes  it  an  art  indeed  :  a  trifling  ikill  will  enable  a  man  to 
become  a  mere  imitator.  It  mud  be  obferved,  however,  thav 
if  our  compofition  does  not  rife  above  common  nature,  it 
will  be  Icfs  intcreftinf'-  than  a  more  indifferent  local  fcene, 
fitted  to  increafe  our  topographical  knowledge. 

From  the  whole  of  our  inquiry  it  refulis,  that  the  mind 
fhould  never  ccafe  from  its  purfuit  after  whatever  is  beautiful 
or  grand  ^  let  us  then,  bv  an  abdrad  inquiry,  endeavour  to 
create  a  nature  of  our  own,  if  poilible,  more  dignified  and 
noble  than  the  one  that  ftrikes  our  fenfes :  we  (liould  feel 
an  enthulialm  in  our  purfuits  not  to  be  faiisfied  with  any 
perfection  Ihort  of  divine. 


11.  Letter  from  Pr<jfe[for  De  Carko  ta  Dr.  Pearson,  on 
the  f'accine  Inoculation, 
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DiLAR  Sin,  Vienna,  Oft.  21,  iSoo. 


Cannot  wait  any  longer  to  communicate  to  you  my 
further  fuccefs  in  the  vaccine  inoculaliun.  A  dreadful  epide- 
mic fmail-pox  has  given  this  autumn  a  new  luiire  to  that 
practice,  which,  from  the  fenfalion  it  has  created  in  this 
«ity,  is  not  likely  to  be  ever  laid  afide. 

This  extenlion  of  practice,  which  hitherto  has  been  en- 
tirely, or  nearly  fo,  in  my  hands,  has  enabled  me  to  eilimate 
the  accuracy  of  your  obfervations  on  the  inefncacy  of  a  cow- 
pock  that  comes  too  rapidly  to  its  height,  and  wliich  does  not 
follow  the  laws  of  that  diCeafe.  I  muft  candidly  confefs,  that 
until  this  autumn  I  had  not  a  very  exacl  idea  of  the  vaccine 
puftulej  that  is  to  fay,  I  knew  very  well  how  it  (liould  be 
to  correfpond  with  the  defcription  of  the  Englilii  inoculation^ 
fuch  as  I  had  fecn  it  on  mv  own  children  ;  but  I  was  not 
aware  that  it  muft  be  abfolutely  fo,  and  that  every  appeal  - 
ance  after  inoculation  was  not  to  be  looked  upon  as  a  true 
▼accine.  The  aftonilhing  likenefs  of  my  vaccine  jKiftule  in 
mv  llxtv  laft  inoculations  has  given  me  a  true  knowledge  of 
it,  and  I  fcarcclv  believe  that  I  can  in   fulnre   be   mifukon. 

0ix 


3o5  On  the  Vaccine  Inoculation, 

On  the  third  or  fourth  day,  one  perceives  a  flight  elevation 
and  rcdnefs;  it  increafcs  in  a  vcficular  form  till  the  I3th  or 
J3th  day,  and  contains  always  the  moll  limpid  fluid  :  a  fever 
comes  on  the  eighth  or  ninth  day,  or  fometimes  is  not  per- 
ceptible :  the  beautiful  areola  appears  on  the  feventh  day, 
and  increafes  till  the  crult  Is  entirely  formed :  this  cruft  be- 
gins commonly  on  the  twelfth  day,  and  becomes  quite  black. 

I  have  had  fome  cafes  originating  from  count  Mottet's 
matter,  where  a  patient  had  received  the  fmail-pox  by  inocu- 
lation, and  three  bv  natural  contai^ion  :  oneof  thefe  has  re- 
taken  the  vaccine  in  its  perfect  form.  Luckily  for  the  fuc- 
cefs  of  the  inoculation,  the  parents  of  thefc  cliildren  were 
advifed  previoufly  of  the  idea  I  had  of  the  imperfe6lion  of 
their  former  vaccina;  and  they  were  not  furprifcrd  at  it,  after 
havino"  had  a  great  difficulty  in  believing  that  the  fuperficial 
cruft  ihat  it  had  formed  would  be  fufficient  to  preferve  them 
from  future  infection. 

1  have  had  two  cafes  where  the  children  were  already  in- 
fected with  the  fmall-pox  at  the  time  of  the  vaccine  inocula- 
tion, and  where  it  fliowed  itfelf,  as  ufual,  without  interrupt- 
ing in  any  degree  the  courfe  of  the  cow-pock.  One  of  thenx 
proved  exceilivciy  mild ;  the  other  is  ftill  dubious. 

I  have  had  two  cafes  where  the  inoculated  fpot  gave  figns 
of  inflammation  only  on  the  twelfth  day,  and  where  the  puf- 
tule  has  been  perfeilly  regular  and  complete.  That  was  the 
fame  fut)je6t  that  had  been  feven  months  rjgo  Inoculated  with 
the  imperft.61  cow-pock. 

I  have  not  yet  ^^:f:n.  any  puHule  either  of  the  fugitive  or  of 
the  variolous -\'\V.{:  appearance,  although,  according  to  Dr. 
WoodvlUe's  obfervations,  they  fliould  appear  more  com- 
monlv  where  the  fmall-pox  is  epidemic.  There  never  was, 
perhaps,  fo  difaflrous  an  epidemic  at  Vienna  as  that  we  have 
now.  It  is  certainly  owing  to  it  that  people  think  fo  much 
now  of  the  cow-pock,  againft  wliich  they  have  been  exceed- 
ingly incredulous.  I  hope  to  have  it  in  uiy  power  to  conti- 
nue it  all  winter.  By  the  lafl  accounts  I  have  of  the  progrefs 
«)f  the  vaccine  inoculation  at  Cieneva,  it  is  exceedingly  rapid. 
Some  eruptive  cafes  have  lately  been  obferved  there ;  hut  I 
need  not  enter  into  thefi.^  particulars,  as  you  will  have  them 

*  immedjalely 
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iramcdiatcly  from  DoAors  Petchier  and  Odier,  or  from  the 
Blbliothcquc  Briianriique.  I  have  had  Uitelv  two  opportunities 
to  make  experiments  upon  perfons  who  have  undmchtaUv  had 
the  fmall-pox  in  their  infancy.  They  are  both  medical  men, 
and  cnnfequently  their  teftinionv  is  more  admiiliblc  than  that 
of  moll  others.  Upon  the  one,  the  vaccine  matter  ]:)rodiiced 
no  effect  whatever;  and  upon  the  other,  a  very  fmall  fuper- 
ficial  veficle  appeared,  which  changed  foon  into  a  crufl:.  In 
one  word,  there  was  not  the  lead  appearance  of  the  true  and 
uiual  cow -pock  puftule.  Thcv  confirm  yo^ir  principle,  that 
cnc  cajinot  have  the  coiu-pock  after  the  Jmall-pox.  One 
fingle  circumftance  vexes  me  in  my  vaccine  practice  :  it  is 
the  frequency  of  inoculations  that  fail ;  that  is  to  fay,  where 
no  puflule  nor  inflammation  is  produced.  I  can  fcarcely  at- 
tribute it  to  my  method,  which  is  the  common  pundlure  of 
moft  pra«Slitioncrs.  I  make  it  as  fuperfieial  as  I  can,  to  avoid, 
as  much  as  poflible,  to  draw  blood,  which  I  believe  can  wafn 
off  the  matter.  I  make  one  punfture  on  each  arm.  I  fee 
that  in  England,  as  well  as  abroad,  inoculators  are  divided 
upon  the  advantages  of  the  puncture  or  of  the  incifion.  You 
and  Dr.  Jenner  feem  to  make  ufe  of  the  pun£lure  :  Dr. 
Woodville  recommends  (Ironixly  the  incifion.  At  Geneva 
they  prefer  the  incifion;  and  here  the  pun6lure.  I  propofe 
now  to  make  comparative  trials;  and  to  inoculate  my  firft 
twenty  patients  in  one  arm  with  the  punfture,  and  in  the 
other  with  the  incifion.  The  difficulty  of  making  the  moft. 
fupnrficial  incifion  without  drawing  blood,  has  hitherto  in- 
duced me  to  recommend  the  pun6lure.  Upon  the  whole^  I 
difi ike  much  to  be  fo  often  under  the  necellity  of  repeating 
the  inoculation.  You  will  oblige  me  very  much  by  favour- 
ing mc  with  fome  particulars  upon  this  point. 

Mv  fecond  patient,  where  the  two  difeafes  have  gone  oh 
together,  has  had  alfo  a  very  favourable  fmall-pox.  Two 
fimilar  cafes  in  England  authorife  you  to  believe  that  the 
cow-poek  can  render  the  fmall-pox  milder  when  they  attack 
the  fame  fubject  together. 

■  The  medical  world  is  waiting  with  impatience  for  tht 
\vork  you  have  promifed  in  your  Statement',  and  I  join  my 
jTcqucfl  to  ihoic  that  mult  already  have  been  addreiled  to  van 

upon 


$o8  On  the  Vaccine  Inocvlathn. 

iTjJon  the  publication  of  a  work  that  muft  throw  the  grcatcfl. 
light  on  a  fubject  which  eneages  now  the  attention  of  all 
civihfcd  nations.    Whenever  mv  materials  fhall  be  fufficient, 
T  purpofe  writing  a  complete  treatife  on  the  fubjccl  for  the 
life  of  the  continental  phvficians,  and  fuch  perfons  as  are  not 
in  the  way  of  coUecling  from  the  various  fources  of  informa- 
tion which  a  little  zeal  and  activity  have  opened  to  me. 
I  have  the  honour  to  be, 
Dear  Sir, 
With  the  fincereft  efteera. 
Your  nioft  obedient  humblt;fervant, 

J.  DE  CARUO. 
P.  S.    I  fcnt  lately  fome  vaccine  matter  to  Lord  Eljrin  at 
Conftantinople  for  the  inoculation  of  his  only  fon. 


c 


III.  Ijciter   from  JoHX  BiiANSOX,   Efq.   Surgeon,  to 
Dr.  Pearson,  on  the  Vaccine  Inoculation. 


I 


tVEAR  SIR,  Doncafter,  Nov.  23,  i8c». 


N  M>v  laft  letter  fo  vou  I  mentioned  my  ideas  refpe^ling 
the  infvjceptibiruy  oj  the  "jaccine  contagion  to  a  perfuyi  who 
had  prc-vioujlv  bad  the  f mall- pox.  I  am  ftill  of  the  fame 
opinion,  as  I  have  never  yet  been  able  to  produce  the  true 
vaccine  puftule  in  a  perf^in  who  had  before  undergone  the 
fmall-poK ;  but  I  have  lately  had  a  cafe  from  which  it  would 
appear  that,  if  both  difcafes  are  introduced  into  the  fyUem 
about  the  fame  time,  tlu-y  will  both  be  received,  and  proceed 
ihrouffh  their  regular  Hages,  without  being  at  all  affected  b|p 
each  other.  A  child  was  inoculated  for  the  cow-pock,  after 
it  had  been  for  fome  days  expoled  to  the  contagion  of  the 
natural  fmall-pox,  on  Friday  the  a^th  of  September.  Thft 
arm  went  on  in  the  ufual  way  till  Wednelday  evening  foU 
lowiu'J,  w'nea  the  child  v/as  feized  with  fever,  and  in  t]i(> 
evening  of  the  next  day  the  iinall-pox  appeared.  The  erup- 
tion was  coniiucnt,  and  particularly  ib  about  the  inoculated 
part,  on  Monday  the  6th  of  October,  which  was  the  eleventh 
djy  from  the  inoculation  of  the  vaccine  matter,  and  the  fifth 
from  the  c!,;nunenceinciit  of  the  fever  of  the  fmall-pox.  \ 
8  inoculated 
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inoculated  a  child  from  the  cow-pock  puflule  furrounded  by 
a  cluder  of  fniall-pox ;  in  fliort,  they  appeared  fo  blended 
that  I  had  my  doubts  whether  the  matter  I  obtahied  was 
that  of  the  cow-pock  or  mixed  with  fmall-pox  ;  indeed  £ 
was  rather  difpofcd  to  think  the  latter  was  the  cafe,  as  it  did 
Hot  appear  fo  limpid  as  it  ufually  docs  in  the  cow-pock. 
However,  the  relult  is,  that  it  prodvxccd  the  genuine  cow- 
pock  without  any  appearance  different  from  what  I  have  al- 
ways feen  ^  and  with  matter  from  this  fource  I  have  conti- 
nued to  inoculate  ever  fince,  without  any  variation  either  in 
fymptonis  or  appearance.  If  this  cafe  furniflics  you  witli 
any  thing  wcw  on  the  fubje6l,  I  fliall  be  very  glad.  I  have 
no  time  now  to  make  any  comment  upon  it,  as  the  pdft-office 
IS  juft  going  to  fhut.     I  am.  Yours  fincerelv, 

JOHN  BRANSON. 

P.  S.  Since  I  wrote  laft  to  you,  I  have  inoculated  upwards  of 

500  for  the  vaccine  difeafe,  without  any  unpleafant  fymptoiiis. 


IV.  Report  o/'C.  NovvELL,  M.D.  of  Bojilognc,  Corrc- 
fpondent  of  the  Committee  of  Medicine,  comriijjioned  to 
repeat  at  Paris  the  Experiments  refpeciing  the  Vaccine 
Inoculation,  /o  C.  Maselet,  Sub-Prafect  of  the  Di/iriQ 
cf  Boulogne- lur-]\Ier  *. 


Y< 


OU  are  defirous  of  knowing  the  rcfults  which  I  have 
obtained  fefpetYing  the  new  inoculation  known  under  i\\& 
name  of  the  imaine.  As  it  was  you  who  tirft  patronifed  it, 
v.hen  Dr.  Woodville,  Dr,  Aubert,  and  myfelf,  introduced  it 
into  France t;  and  as  it  was  )ou  who  triumphed  over  that 
coalition  of  prejudices,  intcrcfts^  and  paflions,  which  had 
armed  againll  it  even  the  fupreme  authority,  you  ought  to 
be  more  interedcd  than  any  other  perfon  in  the  fuccefs  and 
propagation  of  a  difcovery  which,  without  your  affiftance, 
would  have  been  rejefted,  together  with  the  veflcl  that 
brought  it  to  your  fiellow-citizens. 

"*■  From  Deitule  Philoioj-hiiiur' 

+  This  is  not  true.  The  Vaccine  Inoculation  was  introduced  into 
sprancc  by  the  London  Vaccine  Inftitution. — Ste  the  Letter  of  the  Ecole 
%lc-d'ca!e  to  Dr.  Pcarfon,  iu  our  JMat'izine  for  Auguft  1800,  p.  179.  Sec. 

Vol.  VIII.  S  s  Sine^ 
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Since  the  month  of  September,  when  I  returned  from 
Boulogne,  I  have  inoculated  for  the  vaccine  i6o  fubjc6ts  of 
all  age?,  but  the  greater  part  children.  All  thefe  different 
experiments,  which  were  attended  with  the  greatcft  fuccefs, 
have  invariably  difplavcd  that  character  of  mildnefs  which 
eflabliOies,  in  an  inconteftable  manner,  the  fuperiority  of  the 
new  over  the  old  mode  of  inoculation ;  and  the  difference 
which  we  have  had  an  opportuniiy  of  remarking  in  fome  of 
the  refulls  tends  ftill  further  to  confirm  this  fuperiority. 

All  the  children  and  adults  whom  I  inoculated  daring  the 
whole  courfe  of  the  experiment  continued  their  ufual  fports 
and  exercifes  without  fcelincr  the  leafl  inconvenience.  The 
adults  followed  their  daily  occupations,  and  in  general  ex- 
perienced a  very  fliort  fenfation  of  uneaflnefs,  and  at  mofl  a 
flight  febrile  affeftion. 

Six  weeks  after  my  firfl  experiments  1  made  fucceflively 
feven  counter-experiments.  I  carried  to  the  houfe  of 
C.  Beaufoleil,  whofe  children  were  attacked  with  the  na- 
tural fmall  pox,  the  eruption  of  which  was  very  abundant, 
three  children  of  C.  Beugne,  who  bad  been  inoculated  with 
the  vaccine.  After  leaving  them  a  long  time  together,  I 
inoculated  my  three  fubje^ts,  as  ufual,  with  the  variolous 
matter  taken  from  the  youngefl  of  the  children,  who  was 
covered  with  the  eruption ;  but  none  of  them  experienced 
the  Icafl:  effedl  from  the  operation. 

The  other  four  fubje6ls,  whom  I  afterwards  fubje^led  to  a 
counter-experiment,  were,  a  young  domeftic  of  C.  Wynne, 
another  of  C.  Bell,  and  two  fifters  of  the  latter.  I  carried 
them  to  the  houfe  of  C.  Trudin,  broker,  whofe  child  had 
the  natural  fmall-pox.  They  were  all  inoculated  without 
the  lead:  effeit. 

C.  Magnier,  of  Pont-de-Brique,  having  fent  for  his  fon 
from  Boulogne,  where  he  was  at  fchool,  I  inoculated  him 
with  the  vaccine  in  the  country.  He  was  then  fent  back  to 
fchool,  where  the  fmall-pox  had  broken  out  during  his  ab- 
fcncc.  The  voung  man  continued  as  ufual  to  frequent  the 
company  of  liis  fchool-fe]}av\s  infected  with  the  contagion, 
to  play  with  them,  to  eat  with  them,  and  to  fleep  in  the 
fame  room  with  them,  without  experiencing  any  etfe6l. 

I  have- 
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T  have  had  an  opportuniiy  in  the  courfe  of  my  experiments 
to  be  convinced  that  the  vaccine  inoculation  can  have  no 
effect  on  thofe  who  have  had  the  fmall-pox.  C.  Bcugne, 
already  mentioned,  believed  that  he  had  never  had  the  fmall- 
pox.  I  inoculated  him  three  different  times  with  the  vaccine 
matter,  but  always  without  any  effect.  Being  ftruck  with  this 
j->ha3nomenon,  I  alked  him  ibmequeftions,  when  he  acknow- 
ledged, that  at  the  age  of  four  years  he  had  flept  with  one  of 
his  fillers  who  had  been  attacked  with  the  confluent  fmall- 
pox  highly  malignant,  that  he  had  been  very  fick  for  feveral 
days,  but  that  his  mother  did  not  think  him  infefted  with 
the  fmall-pox  becaufe  he  had  no  puflules,  which  are  the 
ufual  fymplom.  This  was  an  excellent  opportunity  for 
trying  a  new  fort  of  counter-experiment :  f  inoculated 
C.  Beugne  with  the  fmall-pox,  but  they  took  no  effect. 

The  fon  of  C.  Genou,  of  Samer,  aged  nine  years,  had  been 
inoculated  for  the  vaccine  with  frefh  matter  and  of  a  good 
quality.  Four  days  after  I  went  to  examine  the  child,  and 
was  much  furprifed  to  obferve  that  the  vaccine  had  produced 
nothing,  though  the  child  had  been  inoculated  in  three  dif- 
ferent places.  This  experiment  had  feldom  fiiiled,  except 
when  the  fubjeA  had  before  had  the  fmall-pox.  On  exa- 
mining the  child,  I  found  him  with  a  languid  look,  a  bad 
pulfe,  and  a  great  deal  of  fever.  I  fufpe^ed,  therefore,  that 
he  had  been  already  infe6ted  with  the  fmall-pox  at  the  time 
when  I  inoculated  him  for  the  vaccine.  On  inquiring,  I 
found  that  the  child  had  come  from  a  houfe  where  the  na- 
tural fmall-pox  prevailed,  in  order  to  be  inoculated.  I  fore-» 
faw  that  he  was  going  to  have  the  natural  eruption,  and  in- 
deed the  difeafe  appeared  on  him  two  days  after.  It  was  of 
the  mild  kind,  and  the  pun6lures  made  for  the  vaccine  were 
dr}',  and  almoft  effaced. 

My  experience  proved  to  me  alfo,  that  in  the  cafe  where 
the  fubjeil  is  already  infefted  with  the  fmall-pox,  the^ vac- 
cine inoculation,  which  then  remains  without  any  apparent 
effe*^!,  adds  nothing  to  the  malignity  of  the  fmall-pox.  I  am 
convinced  that,  whichever  of  the  two  infe6lions  is  anterior 
\n  point  of  a£lion  and  progrefs,  prevents  the  action  and  pro- 

S  s  a  grefs 
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grefs  of  the  other;  and  confcquently,  as  ihefe  two  pnncjples 
cannot  exift  together,  the- one  cannot  add  to  the  other. 

Another  very  important  obfcrvation,  which  appears  to  me 
to  prove  that  the  vaccine  is  really  a  fpecies  of  the  fmall-pox, 
which  ditTers  from  the  human  fmall-pox  oniv  bv  its  origin 
and  the  peculiar  charaftcr  of  nrildnefs  bv  which  it  is  diftin- 
guiflied,  is  as  follows  : — A  child  of  C.  Biilier,  falt-refincr,  on 
the  ninth  day  of  inoculation  for  the  vaccine,  which  is  the 
critical  day,  cut  four  teeth,  tv.o  of  them  eyc-tccth.  A  IVcond 
crifis  of  nature  fo  violent,  ought  to  have  been,  and  was  ac- 
companied with,  a  ftronix  accefs  of  fever,  which,  added  to  the 
verv  moderate  accefs  ariiino-  from  the  vaccine,  brouo;ht  out 
on  the  child's  body  an  eruption  of  262  larjrc  puftulcs  tilled 
with  limpid  matter.  No  common  inoculation  ever  produced 
any  of  fo  beautiful  a  kind  ;  they  ended  without  the  lealt  fever, 
and  difapp«ared  at  the  end  of  feven  davs  v/ithout  leaving  any 
marks.  This  child  lince  inoculation  has  cnjoved  perfect 
health;  and  I  have  remarked  that  is  invariably  the  eflfc^f  of 
the  vaccine.  The  cafe  is  far  from  being  the  fame  with  the 
common  Inoculation.  Of  the  children  whom  I  inoculated 
with  the  vaccine,  fevcral  were  weak  and  ailing,  often  attacked 
with  a  violent  cough,  and  two  of  therii  were  wafted  with  a 
periodical  fever.  All  thefe  children,  and  in  particular  the 
two  laft,  have  enjoyed  fincc  the  operation  pcrfetl  health. 

The  vaccine  inoculation  ferves  me  as  a  criterion  to  dilTipate 
the  uneafinefs  of  thofe  who  have  need  of  being  aflfured  that 
they  have  had  the  fmall-nox,  and  that  they  have  uotlung  to 
fear. 

I  have  offered  a  premium  for  everv  poor  pcrfon  who  can 
bt  proved  to  me  to  have  had  the  fmall-pox  after  being  ino- 
culated, with  care,  for  the  vaccine.  I  flionld  not  be  afraid 
to  rjfk  my  whole  fortune  at  prefent,on  this  head.  But  I 
cannot  too  ftrongly  recommend  to  practitioners  to  beftow 
more  care  on  this  operation,  and  to  repeat  it  if  the  leaft: 
doubt  (hould  remain;  otherwife  there  will  be  fomc  danger 
of  ffting  perfons  attacked  with  the  fmall-pox  after  being 
fuppofed  fecured  from  that  difeafe  bv  the  vaccine.  It  is  to 
^rrqrs  of  this  kind   that  the  obflacles  oppofcd  to  the  intro- 

duCtioi^ 
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(lnolion  of  the  common  inoculation  in  the  north  of  England 
were  to  be  afcribed. 

This  ineftimablc  difcovery  has  triumphed  over  all  obftacles 
as  well  as  over  every  prejudice  in  Eng!;land.  Sophifms  have 
been  refuted  by  facts ;  and  it  is  contrai-y  to  the  rules  of  good 
logic  to  reply  to  fafts  by  hypothefes.  The  celebrated  Doclior 
David,  of  Rotterdam,  wrote  to  me  in  the  month  of  06lober 
laft,  that  the  experiments  which  he  repeated  with  the  matter 
fent  from  Boulogne  had  been  attended  with  the  mofl:  com- 
plete fuccefs ;  and  Dr.  Jenner,  the  author  of  this  noble  dif- 
covery, informed  him  at  that  period,  that  more  than  50,000 
pcrfons  have  been  already  inoculated  with  the  vaccine  la 
England  ;  that  a  third  of  that  number  had  been  expofed  to 
every  teft  poflible  without  the  fmall-pox  ever  taking  etre6l : 
and,  in  the  lart  place,  for  five  years,  during  which  time  he 
has  been  conftantly  employed  in  repeating  the  experiments, 
no  one  has  ever  yet  refuted  this  theory,  or  weakened  the  con- 
clufions  he  has  drawn  from  it. 

J.  M.  NO  WELL,  M.  D. 

Boulogn:-fur-Mer, 
D^c.  3,  i8co. 


V.  A  fhort  Vieii'  of  the  nrzu  EleBrical  Experiments  performed 
hy  Dr.  Van  Marum. 

[Concluded  from  Page  193.] 


r.Wi 


HEN  the  condu»5lor  at  the  tower  of  Siena  was 
ftruck  by  lightning,  feveral  pcrfons,  befides  the  common 
eletlric  light,  clearly  obferved  on  it  a  regular  train  of  light; 
«nd  Beccaria  gave  to  this  phasnomenon,  which  he  endea- 
voured, without  fuccefs,  10  imitate  with  his  cleclric  machine, 
the  name  of  divergtut  ele^lricity.  Mr.  Landriani  requefted 
Dr.  Van  Marum  to  try  an  experiment  of  the  fame  kind  with 
bis  large  machine.  Both  thefe  philofophers  confidered  thi? 
(divergent  ele<Stricity  as  an  effeft  of  the  refiftance  which  me- 
tals oppofe  to  the  influx  of  the  ele<5lric  matter  when  thev 
have  too  fmall  a  diameter,  and  throw  oft'  at  the  fides  the 
matter  not  received.  To  afcertain  this  fait,  an  iron  wire, 
y'y  of  an  inch  in  diameter,  was  placed  at  fuch  a  diltaiice  from 
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the  condu^lor,  that  fparks  were  drawn  from  it  almoft  without 
interruption.  The  oper:Uors  now  obferved  with  plealure  that 
this  fmall  wire,  though  in  complete  coiineOlion  with  the 
conductor,  was  covered  along  its  whole  length  with  a  con- 
tinued (trcam  of  light,  and  that  this  light  confiHed  of  fmall 
ravs,  which  iffued  from  the  wire  on  aii  fides.  The  fmaller 
the  wire,  the  broader  was  the  ftream  of  light.  Wire  of  other 
metals,  of  the  like  diameter,  exhibited  the  fame  phenomena. 
8.  Kxperimenls  to  try  luhethcr  the  evaporation,  of  I'ege- 
lables  during  their  being  eLeBriJied  zc'ould  be  increajed  when 
the  pots  containing  them  were  injulated  and  brought  in  con- 
nection zuith  pojltive  cunduBors. — ^After  being  expofed  to 
ele6lricity  for  a  quarter  of  an  hour^  the  lofs  of  weight  by 
evaporation  was  found  to  be  in  lome  i  -4111,  and  in  others 
l-3d  more  than  in  the  unelectric  ftate.  It  is  here  puliible, 
however,  that  there  may  be  fome  deception  ;  for,  as  the  elec- 
tric conductor,  when  not  made  exactly  round,  always c;i;ts  a 
wind,  fo  mull  the  points  of  the  leaves  of  plants,  and  ccnfe- 
quentlv  more  evaporable  matter  muft  be  carried  oflfv.ith  it. 
In  order  to  o!)tain  fomething  decilive  on  this  fubject,  plants 
without  leaves  ought  to  be  employed}  but  thefe  evaporate 
vcjT  little. 

•  9.  The  hijiucnce  if  clcBrioily  on  the Jenjiiive  plants. — This 
was  proved  by  Dr.  Van  iSlarum  on  the  Mnnoja  pudica.  He 
fird  expofed  the  plant  to  the  fun,  in  order  that  its  leave* 
■might  be  more  expanded,  and  then  applied  it  at  the  diftance 
of  two  feet  from  a  conductor  pofitivelv  ele(!-f  rified,  and  then 
V>  one  negatively  ele6trifjed.  No  effe^is,  however,  were  pro- 
duced. Being  placed  on  the  conductor,  the  fmall  leaves 
raifcd  themlelves  up  a  Httle  and  expanded,  when  no  fparks 
were  drawn  from  the  condu»Stor;  but  as  foon  3s  fparks  were 
drawn  from  the  condu6tor,  the  fmall  leaves  again  fell  nearly 
in  the  fame  manner  as  the  pendulum  electrometer.  After  a 
few  fuch  changes  they  at  length  begar\  to  approach  ?ach 
other,  to  clofe  themfelves  up,  and  to  became  totally  fliut. 
This  refult  took  place  alfo  in  confequence  of  other  kinds  of 
{hocks,  and  therefore  is  not  to  be  afcribed  exclufivelv  to  elec- 
tricity. In  other  refpe<Sts,  the  plants  experienced  no  other 
feiiaRge. 
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In  experiments  of  the  fame  kind  made  with  \\\c  hedj-farum 
g^yrc/ns,  the  elc(5lricilv  producfd  no  acceleration  nor  retarda- 
tion in  the  movement  of  the  fmall  leaves. 

10.  Eledricity  produced  variations  in  the  Jlate  of  the  ha- 
romettr,  but  only  in  a  fmall  deuTce  when  the  mercury  had 
not  been  boiled,  and  when,  of  courfe,  it  ftill  contained  iomc, 
moifture. 

I  r.  An  experiment  was  undertaken  at  the  requeft  of  Volta, 
to  afcerta'in  whether  the  erjaporaiion  of  liquors  at  the  common 
temperature  of  the  atmofphere  would  be  incrcafed  hy  ele6lricity* 
— Do(5lor  Van  Maruni  Ijrll  placed  water,  alcohol,  fulphuric 
eihcr,  accurately  weighed  in  imall  porcelain  cups,  on  a  con- 
ductor, and  at  the  fame  time  fimilar  quantities  at  fome  di- 
ftance  from  the  machine.  After  being  expofed  to  electricitv 
for  half  an  hour,  no  ligns  of  increafed  evaporation  could  be 
perceived.  The  cafe  was  the  fame  in  other  experiments 
where  the  circumftances  were  chantred.  Volta  propofed  alfo 
two  other  experiments  ;  one  for  the  purpofe  of  trying  whether 
cleftrified  air  be  more  impregnated  with  water  than  other 
air,  and,  whether  the  atmofphere  be  rarefied  by  eleftricity. 

12.  On  the  rediitlion  of  metallic  oxides  hy  ele£lricity. — As 
this  was  effedled  in  the  year  1785  with  fparks  drawn  from  a 
battery,  Dr.  Van  Marum  was  defirous  of  trying  whether  it 
could  be  done  alfo  with  fparks  from  a  conduftor;  whether 
air  was  produced  during  each  revival ;  and  if  fo,  of  what  kind* 
For  this  purpofe  he  employed  tubes  like  thole  already  de- 
icribed  in  art.  5.  The  fparks  were  three  inches  in  lenoth. 
Red  lead  was  almoft  immediately  revived,  and,  within 
twenty  minutes,  there  were  produced  about  \  cubic  inch  of 
gas,  I -3d  of  which  was  carbonic  acid  gas.  The  refiduum 
fliowcd  in  the  eudiometer  not  fo  much  decrcafe  as  atmo- 
fphcric  air.  White  lead,  treated  in  the  fame  manner,  wa§ 
reduced  in  a  lefs  degree;  lefs  air  alfo  was  produced;  but  in 
other  refpeils  it  appeared  to  be  the  fame.  Oxide  of  tin  was 
not  reduced,  and,  after  being  electrified  half  an  hour,  gave  no 
air.  The  cafe  was  the  fame  with  the  oxide  of  iron.  Oxide 
of  mercury  prepared  by  heat  was  very  foon  reduced  into  the 
form  of  very  fmall  globules,  of  a  black  colour,  adhering  to 
4  the 
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the  fides  of  the  veflcl.     The  quantity  of  air  produced,  how- 
ever, was  fo  fniall,  that  it  could  not  be  examined. 

13.  ^jXpcrivioits  for  examining  the  quality  of  the  air  in  thi 
hall  in  tuhich  the  machine  was  luorked. — For  this  purpole 
Sauflure's  electrometer  was  employed,  but,  inftead  of  a 
pointed  piece  of  metal,  tlie  flame  of  a  wax  taper  was  em- 
ployed to  receive  the  eledricitv,  according  to  Volta's  expe- 
riment. The  air  in  this  hall  was  of  moderate  dnniefs ;  and 
it  was  obferved  that,  for  the  fpace  of  five  minutes,  during 
which  the  elcilJ^ricity  was  continued,  the  whole  air  was  elec- 
tric, though  the  hall  was  60  feet  in  length,  30  in  breadth, 
and  40  in  height.  The  balls  feparated  from  each  other  at 
the  remotcft  places  half  an  inch  ;  the  conduftor  was  pofi- 
tively  eleftrified,  and  the  air  of  the  hall  was  ele6trified  in  the 
fame  manner. 

14.  Volta  entertained  an  idea  that  the  ftrength  of  the 
conductor  would  be  Increafed  if  its  length  were  increafed. 
Experience,  however,  proved  the  contrary.  Sparks  drawn 
from  a  conductor  60  feet  in  length  and  4  inches  in  dia- 
meter, were  five  inches  fiiorter  than  thofe  drawn  from  a 
common  condu6tor.  The  fparks  fecmed  to  be  a  liltfe 
ftronger,  but  they  followed  each  other  more  flowly. 

15.  In  repeating  the  experiments  on  the  comvmnicating  heal 
to  bodies  hy  declricitv,  Dr.  Van  Marum  conceived  the  idea 
of  tranfmitting  the  fparks  through  femi-conduftors,  in  order 
to  give  them  more  energy.  For  this  purpofe  he  placed  a 
wooden  rod,  one  inch  in  thickneis  and  j  i  inches  in  length, 
between  the  ball  of  the  conductor  and  the  condu6ling  wire. 
The  confequence  was  what  he  expetted  ;  for  a  rod  of  red  fir, 
after  being  elct^trilled  three  or  four  minutes,  gave  fcnfible 
figns  of  heat ;  and  a  thermometer,  fnnk  into  a  hole  made  iu 
it,  role  in  three  n>inutes  from  61  to  88  degrees,  and,  in  ^\t 
minutes,  to  112  degrees.  As  the  fparks,  however,  often  pe- 
netrated under  the  furface  of  the  nxl,  it  at  length  fplit  at  the 
end,  and  continually  threw  out  rays  fideways,  fo  that  it  imi- 
tated the  eflefts  of  lightning. 

16.  Phofphorns  elecirified  in  vacuo  produced  a  gas  by 
Kvhich  the  column  of  mercury  in  half  an  iiour  fell  fonr 
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inches;  after  which  it  became  llaiionarv.  In  a  darkened 
room,  the  eleftricitv  in  vacuo  appeared  of  a  grcenifli-yellow 
colour.  In  the  middle,  where  the  clei^lric  ftream  was 
fironger,  as  well  as  at  the  furface  of  the  phofphorus,  the 
rays  appeared  of  a  very  lively  red  colour.  ^\fler  the  paflage 
of  the  ele(!:l:nc  current,  the  light  did  not  continue  a  moment; 
hut  the  air  produced  retained  its  elafticity  till  the  day  follow- 
ing. As  foon  as  a  little  atmofpheric  air  was  introduced  to  it, 
the  whole  fpace  above  the  mercury  appeared  luminous,  Phof- 
phorous  gas  was  in  all  probability  produced.  The  quantity, 
however,  was  too  fmall  to  be  examined,  though  of  the  fame 
kind  as  that  defcribed  by  Gengembre  in  the  Journal  de  Phy- 
fique  for  1785. 

17.  'Experiments  iv'ith  a  hattcry  containiiig  e^tp  fquare  feet 
of  coating, — This  battery  confiits  of  100  jars,  each  twelve 
inches  in  diameter,  and  from  22  to  23  inches  in  height. 
They  are  coated  to  within  four  inches  of  the  mouth,  and 
ftand  at  the  diitance  of  half  an  inch  from  each  oiher  in  four 
boxes  of  e(]ual  fize.  The  boxes  are  five  inches  from  each 
other,  and  are  conneftod  at  the  top  by  four  brafs  rods,  and 
at  the  bottom  by  four  plates  of  lead.  In  the  niidJlc  jar 
Ibnds  a  perpendicular  tul)e,  furniftied  with  a  ball  fix  inches 
in  diameter,  and  24  holes,  into  which  the  tubes  of  the  other 
jars,  an  inch  in  diameter,  are  infertcd  :  the  lower  ends  of 
thefe  tubes  are  inferted  in  the  balls  of  each  jar.  In  the 
jars  themfelves  there  are  wooden  rods  placed  on  (lands  with 
peculiar  fupports,  and  on  thefo  brafs  rods  are  fluck,  fo  that 
nothing  is  cemented  to  the  jars.  When  this  battery  had 
been  charcrcd  by  98  turns  of  the  machine  (100  turns  made 
it  difcharge  itfelf  I'pontancoully,  by  which  means  the  jar 
where  the  difcharge  took  place  was  pierced  through,)  an  iron 
wire,  ^o  inch  in  diameter  and  24I  inches  long,  was  throwa 
about  to  a  great  diftance  in  fmall  red-hot  globules.  By  a 
comparifon  with  former  experiments  of  this  kind,  it  appeared 
that  the  ftrength  of  the  machine,  bv  improvements  made  in 
the  cuQiion,  had  been  increafed  five-fold.  Dr.  Van  Marum 
confiders  the  fufing  of  an  iron  wire,  of  a  certain  length  and, 
Mhicknefs,  as  the  fureft  means  of  afcertainlng  the  iirtiigth  of 
•*the  (hock  of  a  battcJT.    In  ono  experimont,  by  a  (bock  ot  the 

V-o-L,  Vlfl-.  •      T  t  above 


3^8  Kexu  EleSIrjcal  Experiments 

above  kind,  a  fimilar  iron  wire,  36  inches  in  length,  tvas 
thorfinghly  ignited,  fo  that  it  became  blue,  and  foon  oxydated 
at  the  furfacc.  On  this  occafion,  a  phecnomcnon  never  be- 
fore obfcrved  took  phce.  At  the  moment  of  charging,  the 
whole  farface  was  covered  with  an  exceedingly  lively  light, 
that  conld  e\'en  be  observed  in  the  open  day,  and  which  in 
tlarknefs  appeared  to  be  an  inch  in  diameter.  The  fliock  alfo 
Was  much  (Wronger  than  ufual. 

A  dil'charge  on  pieces  of  quartz  rounded  the  corners  and 
points  very  perceptibly,  and  even  fufed  fome  parts  of  the 
itone. 

18.  Experiments  lulth  the  battery  to  afcertain  the  caujc  fif 
death  in  thoje  Jlritck  luUh  lightning. — This  caufe  is  generally 
afcribed  to  the  irritabilitv  of  the  mufcular  fibre  being  de- 
itroyed.  Now,  as  animals  hitherto  have  never  loft  their  lives 
immediately  by  ele*!-lric  Ihocks,  but  have  been  lamed  or  thrown 
into  convulfions,  it  appeared  doubtful  whether  an  eleclric  fliock 
could  actually  deprive  the  mufcular  fibres  of  their  irritability, 
for  this  rcafon  Dr.  V^an  Alarum  in  his  experiments  employcil 
eels,  which,  as  is  well  known,  even  when  cut  into  three, 
four,  or  fix  parts,  and  when  deprived  of  the  head,  ftill  retain 
figns  of  irritability.  Thefe  eels  were  a  foot  and  a  half  in 
kngth,  and  the  fliock  was  conveyed  through  the  whole  body. 
By  thefe  means  thev  were  inftantly  killed,  and  never  moved 
afterwards.  They  were  immediately  Ikinned,  and  trial  wa* 
made,  bv  phicbing,  pricking,  &c.  whether  any  irritability 
Femained;  but  no^  traces  of  any  were  perceptible  even  when 
pretty  large  fparks  were  drawn  from  thefe  parts.  The 
ftronofeft  falts  were  attended  with  as  little  effcft. 

O 

When  the  fliock  was  made  to  pafs  through  individual  parts, 
for  example  the  head_,  thefe  only  loft  their  irritability,  while 
the  reft  retained  it.  When  the  head  was  kept  free  from  the 
fljock,  the  remaining  parts  only  were  lamed.  The  fame  ex- 
periments were  feveral  times  repeated  on  eels  of  3  ^  feet  i^n 
length,  and  with  the  fame  rcfults.  When  the  fhock  was 
made  to  pafs  through  the  upper  and  fore-part  ■of  the  head  o^ 
large  eels,  the  under-jaw,  as  well  as  the  nuifcles  of  the  neck, 
and  belly,  and  even  the  lower  part  of  the  body,  retained  their 
irritability,  while  it  vvas  completely  dcftroyed  in  the  parts 
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throng!)  which  the  (liock  paflcxl.  The  fame  efie6\s  were  pro- 
tliiccd  ill  warm-blooded  animals,  for  example  rabbits,  with 
much  fnialler  batteries.  Now,  as,  in  confequencc  of  fuch  de- 
rangement, circulation  of  the  blood  can  no  longer  take  place, 
this  cireumdancc,  without  all  doubt,  is  the  caufe  of  the 
fuddcii  death  of  thofe  Itruck  with  lightning.  Iflhefliock 
does  not  pals  through  the  large  arteries  the  animal  may  Itiil 
recover,  provided  the  cerebellum  and  fpinal  marrow  be  noi 
injured. 

19.  The  effe£ls  af  fuch  Jhocks  from  a  hiiilery  on  trees. — . 
Nairne,  in  the  vear  1773,  ^'^^''^  experiments  of  this  kind  011 
different  plants,  particularly  myrtles  and  laurels.  Dr.  Van 
Marum^  for  his  experiments,  made  choice  of  much  more 
vigorous  trees,  fuch,  for  example,  as  the  youngftemsofa 
common  willow-tree,  and  at  a  period,  'viz.  the  middle  of 
April,  when  the  young  branches  ufually  flioot  forth. 
Through  two  of  thefe,  eight  feet  in  length,  he  conveyed 
fliocks,  the  firft  through  a  fpace  15  inches  in  length,  and 
tu'o  others  through  their  top.  After  the  experiments  thefc 
trees  were  planted  ;  but  the  parts  through  which  the  fliocks 
liad  been  convened  fcnt  forth  no  branches.  The  upper  parts 
through  which  the  (hocks  had  paifcd,  fent  forth  a  few  (liooti 
for  fome  day?,  but  verv  ilowly,  and  which  foon  after  died. 
Thofe  not  eleftrified  fent  out  branches  like  the  other  trees 
planted  near  them.  The  eftc6ls  of  eleAricity,  tlicrefore,  are 
fmiilar  to  thofe  of  lightnincr, 

20.  Rxpci-'wienis  on  condudors. — Dr.  Van  INIarum  had 
concluded  from  his  former  experiments  that  a  rod  of  lead 
inurt:  be  four  times  as  large  in  diameter  as  one  of  iron  to 
withftaud  lightniu2;  in  the  lame  manner.  Thefe  dimenfions, 
however,  arc  futhcient  for  the  ftrongeft  lightning.  It  ap^ 
pcared  alfo  that  copper  conductors  are  equal  to  tliofe  made  of 
iron,  even  when  their  diameter  is  only  one-half  of  that  of 
!."Qnones.  This  appeared  alfo  from  Brooks's  experiments, 
who  concluded  that  a  Hip  of  lead  four  inches  in  breadth,  and 
fc)  thick  that  a  fquare  foot  of  it  amounts  to  eight  pounds, 
cannot  be  hurt  by  li^litning.  The  experiments  made  by 
means  of  the  large  batterv  refpe6ling  the  conduftino;  pro- 
perty of  copper,  gave  very  diifereut  rcfults.     As  an  iron  wire 
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■^Ts  of  an  inch  in  diameter  and  36  feet  in  length,  was  reducecJ 
to  a  ftate  of  ignition  bv  a  charge  from  98  turns  of  the  ma- 
chine, Dr.  Van  JNIarum  made  a  charge  of  the  fame  kind  to 
pafs  through  a  copper  one  yy  inch  in  diameter,  and  faw, 
with  aftonifhment,  that  this  wire  was  fufed  into  fniall  glo- 
bules. Another  copper  wire,  ^'.^  inch  in  diameter,  was 
broken  in  two  places  from  a  like  charge  ;  a  third,  of  ^'-5-  inch, 
remained  whole.  The  caufe  of  this  difference,  after  a  clofc 
examination,  was  found  to  be  in  the  difference  of  the  pu- 
rity of  the  copper.  In  the  laft  experiments  the  wire  was  of 
common  copper,  but  in  the  former  they  had  been  drawn 
from  an  ingot  of  purified  copper,  like  that  prepared  to  be 
mixed  with  gold.  Now,  as  condutlors  are  mads  of  common 
copper,  in  determining  tiieir  flrencth  attention  muft  be  paid 
to  the  lafl  experiments,  and  their  diameter  niufl  amount  to 
half  that  of  iron  conductors,  in  order  to  prefent  an  equal  re- 
fiflance  to  lightning.  It  is  here  fuppofed  that  the  length  is 
always  the  fame.  As  it  has  been  found  that  fquare  iron  rods 
of  half  an  inch  in  thicknefs  can  withfiand  the  ftrongeft  light- 
ning, in  regard  to  copper  ones,  it  will  be  fufficient  if  each 
fide  be  about  four  or  five  lines. 

Dr.  Van  Marum  faftcned  the  wire,  through  which  he 
made  the  fhock  to  pafs,  on  a  piece  of  baked  fir-lath,  and 
found  that  it  was  burnt  in  fome  places  where  it  had  touched 
the  bends  of  the  wire.  Another  time  he  bound  agaric  of  the 
oak  round  the  wire,  fo  that  it  lay  faft ;  and  the  confequence 
was,  that  it  took  fire  along  its  \\'hole  length.  Con- 
ductors therefore  whicli  pafs  along  fir,  or  wooden  work, 
muft  be  made  fomcwhat  thicker  than  would  ctherwile  be 
necelTary. 

Pattirfon  has  recommended  phnnbago  for  the  fummits  of 
ronduct'jrs,  becaufe  it  cannot  be  fuftd  by  lightning,  but  a 
charge  of  the  large  battery  always  reduced  the  ftrongcft 
plumbago  to  powder.  If  condurtors  are  to  be  made  pointed, 
thev  ou^ht  to  be  furniflied  uith  fevcral  points,  that,  in  cafe 
one  of  thetn  fliould  be  fufed,  the  red  may  be  in  a  fiatc  to 
ponduft  the  lightning.  But  it  appear?  from  f<;rnTer  experi- 
ments that  pointed  conductors  do  n^it  deferve  that  preference 
ever  blunt  ones  ^'hich  fon:e  have  given  to  iheni, 
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21.  Conthiuat'ton  of  the  expfrimciils  on  the  oxjdat'ing  c/" 
nit  tills)  071  this  Qccajion,  the  femi-nu-tals. — As  the  femi-nic- 
tals  could  not  be  drawn  out  into  fine  wire,  thin  plates  of  them 
were  eniploved ;  Init  this  could  Be  the  cafe  only  with  zinc 
and  hilmuth.  After  the  explofion  the  metal  was  fcen  to  nle 
up  like  a  thick  vapour,  leaving  traces  of  it  on  flie  paper;  but 
it  could  not  be  converted  into  ignited  globules.  Purified  an- 
timony, pulverifed  and  {Ireucd  in  a  line,  was  oxydatcd,  and 
exhibited  the  fanie  phasnomena  as  zinc  and  bifmuth;  but  a 
larger  quantity  was  converted  into  powder  before  it  could  be 
oxydatcd.  Some  femi-metals  were  uiixcd  with  fo  much  tin 
that  thev  could  be  drawn  out  into  wire  ,'.  of  an  inch  in  dia- 
meter; for  example,  -}  ?inc  and  :  tin,  ,  cobalt  and  |  tin, 
^/- bihiuith  and  ?t  !•"•  I'^  their  oxydation,  however,  they 
exhibited  nothing  particular;  they  aiwavs  rofe  in  vapour,  and 
left  fpots  (/n  the  paper  like  the  unmixed  metals.  A  piulina 
wire,  j\  inch  in  diameter,  made  by  Jeanety  at  Paris, cxhii/iicd 
the  fame  phaenomena  in  fniing  as  fil\er.  The  platina  was 
ftrewed  about  in  line  powder,  which  left  on  the  paper  traces 
almoft  fimilar  to  thofe  of  iron. 

22.  The  fo-called  refiduum  after  the  explofion  was,  with  a 
charge  of  5',  double  of  what  it  was  by  a  charge  of  J5  . 

23.  Nairne  found  that,  with  a  batterv  ot  50  fquare  feet  of 
coating,  the  jars  were  readilv  broken,  when  tf-.e  charge  was 
made  to  explode  bv  too  ihort  a  diicliarglng-rod,  and  he  con- 
fidered  one  of  five  feet  in  length  fiifficient  to  prevent  this  ac- 
cident. Dr.  Van  Marum  found  this  length  fulnoient  for 
J35  feet  of  coating,  but  not  for  223  feet ;  and,  for  350  feet, 
a  difcharging-rod  of  18  feet  in  length  was  not  futiicient,  for 
es'cn  then  the  jars  were  fomctimes  !)r()ken.  None  of  the 
jars  however  were  hurt  when  the  <  ommunication  was  nol 
made  through  the  ftrong  iron  wire  of  the  battery,  but  throucU 
very  fine  metallic  wires,  through  imperfect  conductors,  ani- 
mals, and  the  like,  where  the  (Ireom  found  more  reliitance. 
In  charging  large  batteries  it  is  necedkry  ihat  the  difcharg-. 
ing-rod  ihould  receive  the  fiream  from  the  middle  of  the  bat- 
tery, tor,  when  it  was  received  on  one  fide,  two  jars  broke  in 
fucccfioii  on  the  oppolue  fide  with  a  charge  of  20".     Brooks 
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fays  that  the  breaking  of  the  jars  maybe  prevented  if  paper 
coating  be  applied  under  that  of  the  metal.  Dr.  Van  Marum 
found  this  to  be  true,  but  obfer\-cd  at  the  fame  lime  that  the 
coatinor  was  therehv  weakened. 


V'l.  Account  of  fome  inter e/Iing  Experiments,  perforined  at 
.the  London  Philofophical  Society,  rejpeiling  the  EffeSls  of 
Heat,  excited  by  a  Stream  of  Oxygen  Gas  thrown  upon 
ignited  Charcoal,  on  a  Number  of  Gems  and  other  refrac- 
tory Suhjlajices  fuhmitted  to  its  AclioJi ;  with  a  Defcriptina 
of  the  Apparatus  employed. 

[Concluded  from  Page  166.] 


I: 


X  the  experiments  that  have  been  dcfcribcd,  no  account 
was  taken  of  the  quantity  of  oxvfrcn  gas  expended  on  each, 
as  the  objecls  the  Society  had  chiefly  in  view  were : 

I.  To  iufe,  if  poflible,  fome  of  thofe  refractory  bodies 
which  had  before  refifted  every  effort  hitherto  made  to  bring 
them  into  a  ftate  of  fufion; 

S.  To  afcertain  whether  anv  or  which  of  the  gems  would 
retain  their  original  colour,  tranfparency  and  hardnefs,  after 
fufion,  with  the  view  of  determining  whether  it  would  he 
poPiible  by  fuch  a  procefs  to  unite  fmall  ftoncs  or  fragments 
into  one  mafs  pofleffing  the  properties  of  the  native  unfufed 
gems ; 

3.  To  determine  whether  any  other  gems  befides  the  dia- 
mond could  be  dilTipated  by  a  (Irong  heat;  and, 

4.  To  obferve  what  other  effects  might  be  produced  by  the 
powerful  agents  employed  in  the  experiments. 

The  oxvgen  gas  employed  was  obtained  from  oxyd  of  man- 
ganefe  by  cxpofmg  it  to  a  flrong  heat  in  an  iron  retort,  and 
was  received  over  water  in  a  pneumatic  ap])aratus.  The  ori-. 
.fices  of  the  blow-pipes  were  about  a  fixteenth  of  an  inch  in 
diameter,  and  the  gas  was  difcharged  under  a  preflure  of 
about  three  pounds  weight  on  the  bell  of  the  gafometer. 

The  view  of  the  apparatus  (Plate  IX.  fig.  i.)  will  convey 
a  very  correct  idea  of  the  gafometer,  and  of  the  arrangements 
Miade  f(  ;•  Uic  lafl  experiment,  viz.  the  one  upon  plaiina. 

8  The 
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Tlie  tub  ABCD,  three  feet  Wgh  and  fixtccn  inches  and  a 
half  internal  diameter,  is  made  of  mahogany,  and  rcfts  on  a 
low  ftand.     A  large  glafs  receiver  E,   open  at  the  bottom^ 
nearly  fills  the  diameter  of  the  tidi.     This  receiver  is  twenty- 
two  inches  in  height  from    the  lower  edge  to  the  crown, 
about   fixtccn  inches  internal   diameter,   and  is   capable  of 
containing  about  ten  gallons  of  gas:  it  afcends  or  defcenda 
in  the   tub,   guided  by  the  rod  FG  attached  to  its  top,  and 
palling  through  the  crofs-bar  HI.     In  this  crofs-bar  there  is 
Ibme  fimple  wheel-work  worked  by  the  pulley  at  L  (concealed 
in   the  crofs-bar),   and  which,   turning  an  index,   tells  (he 
quantity  of  gas  expended  from  time  to  time,  when  that  cir--. 
oumltance  is  wiflied  to  be  noted.    The  pulley  at  L  is  worked 
by  the  chain  KL' attached  to  the  top  of  the  receiver.     From 
the  pulley  at  L  this  chain  palTes  to  the  pulley  M,  where  it  is 
wound  up  or  let  off  at  pleafure  by  means  of  weights  put  into 
tlie  {licll  N,  or  removed   thence  to  the  horizontal  plate  O, 
^^■hich,  by  means  of  a  focket,  may  be  either  put  on  or  taken 
from  the  top  of  the  rod  FG.     This  contrivance  is  for  tlie 
purpofe  of  enabling  the  operator  to  command  the  preH'urc  of 
any  rc(juired  column  of  water  which  the  tub  can  contain, 
which  is  therefore  made  deeper  than  the  receiver.     7'o  faci- 
litate this,  tlie  pulley  Al  has  two  grooves  on  its  circumfertnce, 
one  of  which  receives  the  chain  KL.  and  is  cqui-diliani  from 
the  centre  all  round ;  the  other,  which  receives  the  cord  to 
which  the  fcale  N  is  attached,  is  not  equi-diftant  from  tlic 
pivot,  but  in  a  fnail  form,  fo  adjufted  as^  with  a  t^ivcn  weight 
in  the  fcale  X,  to  counterpoife  exactly  the  glafs  receiver  E, 
whether  wholly  or  partially  immerfed  in  the  water  in  the  tub; 
fo  that,  when  no  weight  is  on  the  round  plate  O,  the  height 
of  the  water  wiihin  and  outfide  of  the  receiver  will  be  on  a 
level  •  in  other  words,  no  prelllire  will  be  exerted  on  the  eas 
it  contains.    By  then  putting  known  weights  on  the  plate  O, 
the  receiver  is  prelTed  down  in  the  water  f  >  as  Kj  maintain 
an  uniform  prcll'ure  of  any  required  column  of  water  during 
tJie  whole  lime  of  t[)e  prccefs. 

The  gafometer  is  charged  in  the  following  manner: — 
Water  is  tirll  poured  into  the  tub  ABCD  (till  full  if  neccf- 
fary);  the  receivt:r  of  courfe  afoend?  (no  weight  being  then 
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on  the  pbte  O),  filled  with  atmoiphciic  air:  at  its  greatcft 
height  its  mouth  is  exatitly  on  a  level  with  the  mouth  P  of 
the  tube  P,Q,  1^,S,  bent  at  nght  angles  at  Q  and  R,  and 
joined  at  the  end  S  to  the  tube  at.  each  end  of  which  is 
likewifc  bent  at  right  angles  and  furnifhed  with  a  ftop-cock. 
The  tube  TU,  fitted  air-tight  to  the  end  /•  of  the  tube  ah, 
can  be  tnken  off  at  T  without  deranging  the  end  U.  This 
being  taken  off,  and  the  ilop-cock  h  being  opened,  a  com- 
munication is  made  between  the  air  in  the  room  and  that  in 
the  receiver ;  which  being  now  preffed  down,  either  by 
the  hand  apjilied,  or  weights  put  on  at  O,  difcharges  the  air 
it  contains  at  the  opening  at  T^  the  place  of  which  thus  be- 
comes iupplicd  with  water  up  to  the  top  of  the  internal  tube 
at  P,  which  almoft  touches  the  upper  part  of  the  receiver. 
If  the  experiment  require  that  the  portion  of  atmofphcric  air 
contained  in  the  tube  PQRS  fliould  be  alfo  removed  (as 
when  oxvgcn  and  hydrogen  are  to  be  combined  in  the  form- 
ation of  water),  all  that  is  neceffarv  is  to  pour  water  into  the 
tube,  through  the  opening  1\  till  all  the  air  be  driven  out  of 
the  tube,  and  its  place  be  occupied  bv  water  up  to  the  open- 
ing T.  Fill  alfo  the  tube  TU  with  v.ater.  Bv  this  means 
the  receiver  and  the  tubes  are  entirely  deprived  of  atmo- 
fphcric air.  To  clear  the  tubes  from  water,  that  the  oxygew 
gas  (or  any  other,  according  to  tlic  intention  of  the  experi- 
ment) may  find  no  ob(lru6lion  when  the  receiver  is  wifiied 
to  be  charoeJ,  a  large  tin  flaflc,  having  a  neck  ground  to  fit 
the  cock  Q,  and  charged  with  oxygen  gas,  is  joined  to  the 
cock  Q.y  wliich  muft  then  be  opened  :  the  gas  afccnds  from 
the  flafk,  and  the  water  in  SR  and  PQ  takes  its  place.  The 
cock  U  mult  then  be  opened,  to  allow  the  water  in  the  tube 
TIJ  to  defccnd  into  the  caik  V. 

Oxygen  gas  is  then  to  be  transferred  t(;  the  lecelver  from 
a  calk  V,  previoutly  fdlcd  with  it.  The  cock  a  is  kept  Unit, 
and  b  opened,  and  water  is  made  to  dci'cend  from  the  funnel 
W  into  the  calk  bv  turning  the  cock  c.  The  water,  of 
courfe,  difplacc.-  an  equal  volume  of  gas  in  I'le  caik,  and 
forces  it  through  (he  tubes  UT,  ba,  and  SKQP  into  the 
receiver  K,  difplacing  the  water  contained  in  it.  While  the 
gas  is  palling  into  the  receiver^   the  funnel  W  mull  never  be 
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nllowcil  fo  run  itfcjf  empty,  olhcrwife  the  atinofpheric  air 
getting  into  the  bottom  pipe,  a  portion  of  it  might  he  foreed 
down  with  the  next  fiipply  of  uater.  The  receiver  being 
charged  with  gas,  (Init  the  tncks  c  and  h  for  the  prefent. 

Should  any  experiment  ret|uire  more  gas  than  the  receiver 
\viil  contain,  the  ftream  mav  be  kept  up  direct  from  the  cafk 
by  opening  the  communication  UT  ha,  and  taking"  care  to 
keep  the  funnel  W  well  filled  with  water.  Another  cafk 
may  be  joined  to  the  firft  bv  a  mode  of  comraunicatirni  fo 
obvious  that  we  need  not  dcferibe  it ;  fo  that  oxygen  gas  may 
eafily  be  fupplied  for  a  length  of  time  fufficient  to  melt  down 
completely  the  whole  internal  arrangements  of  any  furnace. 

In  none  of  the  experiments,  except  the  3  2d,  were  the  table- 
furnace,  and  its  appendagres  employed.  In  the  firft  fevcn,  a 
limple  blow-pipe  was  jomed  to  the  tube  of  the  gafometer, 
and  the  fubftance  to  be  operated  upon,  laid  on  a  piece  of 
ignited  charcoal,  was  expofed  to  the  iffuing  ftream  of  gas- 
It  was  obfervcd  in  the  courfe  of  thefe  experiments  that  the 
fubftances  feemed  fometimes  to  be  partially  cooled,  by  the 
ftream  fnllinfr  on  them  while  the  charcoal  was  movino;  about 
to  expofe  the  different  parts  round  the  ftone  to  the  action  of 
the  gas.  To  obviate  this  inconvenience,  the  double  blow- 
pipe already  mentioned  was  conftrnfted,  the  nozles  of  which 
formed  fuch  an  angle  as  to  make  the  ftreams  of  blaft  crofs 
each  other.  From  this  it  is  obvious,  that  the  charcoal  placed 
at  any  diftanre  from  the  nozles  fbort  of  that  where  the  ftreams 
would  crofs,  received  two  ftreams  of  gas ;  and  that  the  nearer 
the  charcoal  was  brought  to  the  blow-pipe,  the  wider  was 
the  fpace  between  the  centres  of  the  fpots  on  which  the  blaft 
fell.  Bv  this  means  it  became  eafy  to  expofe  the  gems  and 
other  fubftances  to  the  full  aclion  of  the  caloric  liber^ited  by 
the  decompcfition  of  the  oxygen  gas,  without  putting  them 
in  the  wav  of  ihe  undecompofcd  ftreams. 

This  double  blow-pipe  is  reprefented  in  fig.  2.  The 
part  A,  which  joins  the  tube  of  the  gafometer,  turns  air- 
tight in  a  collar  B,  on  the  end  of  the  tube  EC.  On  BC  are 
two  brafs  boxes  d,e,  into  which  arc  fitted  the  tubes  /', ^, 
which  alfo  turn  in  fockets  air-tight  for  the  purpof.^  of  cn- 
abUng  the  operator  to  move  the  blow-pipes/',/,  nearer  or 
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further  from  each  other.  The  blo\v-])ipes  b,'i,  alfo  turn  at 
k^I,  in  the  tubes  /jff,  to  enable  the  operator  to  alter  the 
direftion  of  the  dreams,  and  make  them  fall  on  the  char- 
coal niy  at  any  angle  he  pleafes.  The  double  blow-pipe  juft 
defcribed  was  that  employed  in  all  the  experiments^  from  the 
8th  to  the  3irt  inclufive. 


VH.  Exfradl  of  a  Jjdter  frovi  Dr.  Sam.  L.  INIitchill, 
Vrofrjforof  Cbcnvjlry  hi  Columbia  College,  to  Mr.  TiLLOCll. 

SIR,  New -York,  Dec.  3,  iKoo, 
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lONSIDERING  all  things,  I  really 
trufl  that  the  weflcrn  world  is  doing  its  part  in  the  philofo- 
phical  work  of  the  day.  We  have  great  and  exeellent  oppor- 
tunities of  obferving  phenomena  here,  and  fome  aniong  us 
are  diligent  to  let  no  opportunity  be  loft.  The  following 
points  we  think  fully  ctlablinied  : 

I.  There  is  proof  as  pointed  as  it  needs  to  be,  that  the 
fiekly  feafons  wliieh  afllift  our  cities  are  accompanied  with, 
and  occafioncd  by,  noxious  exhalations,  locally  produced 
either  on  board  fea-veflc'ls,  or  in  (lores,  cellars,  dwelling- 
lioufes,  and  finks,  in  our  towns. 

a.  When  cxifting  in  fliips,  thefe  noxious  produftions  are 
not  received  on  board  in  the  ports  of  the  Weft  Indies,  or 
other  places  beyond  fea,  as  is  vulgarly  believed,  but  uni- 
verfally  arc  produced  within  the  fides  of  the  veliel  ilfelf,  from 
iiaftlnefs  and  corruption  there. 

3.  Not  only  are  the  exhalations  from  our  corriipfjng  JiJJj, 
beef,  and  bides,  and  from  our  ahovi'mablc  frivy-p'its,  VQXV 
injurious  to  health,  and  deftruftive  of  life,  but  thefe  very 
vapours  are  fo  acid  as  to  be  fmclled  and  tailed  by  the  re- 
packers  of  provifions. 

4.  In  the  alimetntary  canal  of  fuch  pcrfons  as  feed  upon 
beef  and  fifh,  and,  generally  fpeaking,  of  lean  animal  Jul - 

fiance,  there  is  formed  2.  fmilar  acid,  whofe  prefence  has 
been  detefted,  and  of  a  ftrength  fufficient  to  curdle  milk, 
to  excoriate  the  fundament,  and  to  cfl'ervefce  with  carbonats 
«f  alkvilinc  falls. 

5.  The 
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5.  The  fame  acid  produft,  or  foiue  modilk-allon  of  it, 
\Aliich,  when  volatlhfcd  and  fpread  ihrough  tlie  aimofphcrc, 
]'>rodiR'cs  our  f/idemic  fevers  (for  our  annual  dillcmpors  are 
not  d?y>idcmics),  of  the  various  grades  from  intitrniittcnt  to 
\ellozu  and  pt-Jfilential,  docs,  when  engendered  in  the  intef- 
tmal  canal,  (iir  up  dvfentery  and  its  concomitant  [rmpfo?ns. 

6.  The  exccllcnev  of  alkaline  remedies,  elpceially  the 
neutral  falts,  in  which  fodu  is  combined  with  a  weak  acid, 
evinces  the  exiilence  of  an  inilaming  and  corroding  fournefs, 
which  being  overcome  either  bv  alkalies  per  os  or  per  antim, 
gives  the  patient  great  and  fpecdv  relief. 

7.  The  application  of  the  fame  mode  of  reafoning  to  the 
human  mouth,  which  has  been  emploved  with  rclpert  to  the 
iiomach  and  bowels,  VN-ill  explain  the  generation  and  noxious 
eflcft  of  a  Jiniilar  acid  am^ng  the  teeth  and  around  the  oums, 
o[  their  corrofion  and  deftruction  by  it,  and  of  the  utility  and 
importance  of  alkalies  as  dentifrice^  and  fwcetcners  of  the 
ynouth, 

8.  An  explanation  is,  on  the  fame  principles,  given  to  the 
manner  in  which  human  garments  groic  foul  and  pejlilential^ 
the  excretions  lodged  in  them  degenerating  to  acid'ity  by  ex- 
pofure  to  the  air,  and  thus  becoming  fomites  of  infedion. 
This  infection  never  pofl'effing  any  /'pec fc  qualitv,  but  merely 
being  the  acid  oiTspring  of  common  putrefaclion.  And  011 
this  depends  the  theory  of  alkalies,  and  leys  and  foaps,  in 
deft  roving  infedVion  if  prefent,  or  in  preventing  its  formation, 
and  their  wholefome  and  purifying  power  in  wafliinir,  fcour- 
mg,  and  houfekeeping. 

9.  Experiments  lately  made  in  the  New-York  hofpital* 
liave  proved  to  me  that  foul  and  ill-conditioned  ulcers,  efpe- 
cially  of  the //^^/i/zV  kind,  contain  an  acid  fo  conquerable 
as  in  three  or  four  hours  to  turn  litmus-paper  red.  1  have 
found  alkaline  remedies  of  admirable  nfe  in  fuch  furgical  cafes 
locally  applied.  We  are  thus  poffefl'ed  of  a  clue  to  explain 
much  of  the  nature  of  corroding  vialigjiarit  and  infectious 
■ulceration',  of  the  manner  of  Jlopping  it  by  alkalies;  and  of 
the  explanation  of  he^ic  fever  from  an  abforption  of  this 
jcid  'virus. 

10.  It  is  rendered  plain  of  what  materials  cities  ought  to 
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be  built  a7id paved  to  be  luoft  healthy,  to  wit,  the  calcareous ; 
and  that  a  wife  poUcy  fliould  iairoduce  inuible  and  liniellouc 
into  general  ufc. 

II.  The  life  of  pit -coal  for  ficel  has  an  additional  recom- 
mendation. During  combuflion  it  affords  much  uriimoniac\ 
and  this  volatile  alkali  is  capable  ofneutralifing  abundance  of 
j'eptic  a^-iJ.  Conimonlv,  wliere  the  burning  of  coal  is  ge- 
neral, peftilential  diitempcrs  are  more  rare  than  they  ufe  to 
be.  But  my  paper  fails  me  before  I  have  finiflied  my  enu- 
meration :  I  muil  therefore  conclude,  and  leave  the  reli  for  a 
future  communication,  though  not  without  affuring  you  that 
I  remain  vonrs,  wi'ch  much  regard  and  refpeft, 

To  A.  TUloch,  Efq.  SAM.  L.  MITCHILL. 


VI I r.  Extra£t  of  a  Letter  from  Proffjor  Abildgaard, 
Secretary  to  the  Royal  Society  at  Copenhagen.,  to  C.  Hu- 
ZARD,  ^f ember  of  t]je  French  Isational  Tnjiitutey  on  the 
Quantity  of  Car h 071  iii  the  Blood*. 


SHALL  give  you  the  rcfult  of  fome  experiments  which 
I  made  and  repeated  to  difcover  the  quantity  of  carbon  that 
exifts  in  the  blood,  and  which  gave  me  lefs  of  that  fabiiance 
in  the  arterial  than  in  the  venous  blood. 

id,  A  hundred  parts  of  the  venous  blood  of  a  horfe,  when 
dried  in  a  moderate  heat,  gave  36  parts  of  a  fubftance  {o  dry 
that  it  could  be  pulverifed. 

2d,  A  hundred  parts  of  arterial  blood  of  the  fame  horfe 
gave  25  parts  of  dry  fubftance. 

3d,  To  alkalifc,  in  the  manner  of  Kirwan,  an  ounce  of 
nitre  by  detonation  (the  ounce  being  480  grains),  required 
392  grains  of  venous  blood,  and  only  160  of  arterial. 

4th,  An  ounce  of  venous  blood,  after  being  dried  and  de- 
compnfed  in  a  olofe  vefTel,  yielded  115*7  grains  of  charcoal. 

5lh,  The  fame  quantity  of  arterial  blood  gave  only  87  i. 
grains  of  charcoal. 

6th,  To  decompofe  480  grains  of  nitre,  rctjuired  148  grains 

*  From  the  A/males  de  Cbimte,  No.  jc6. 
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of  charcoal  of  venous  blood ;  and  to  decompofe  the  fame 
t^uantily  of  nitre,  required  119  grains  of  cliarcoal  of  arterial 
blood.  This  experiment,  indeed,  was  not  very  correal,  be- 
caufe  a  very  light  pari  of  the  charcoal  was  difilpaied  like  duft. 

7th,  I  fcparated  the  red  part  of  the  blood  from  the  ferum 
and  fibrous  part,  as  completely  as  poflible,  by  the  means 
conmionlv  employed  ;  and  after  dicing  it,  I  tried  it  bv  nitre. 
To  alkalife  480  grains  of  nitre,  required  130^ grains  of  iliis  red 
part  of  the  blood. 

8th,  To  alkalife  by  detonation  480  grains  of  nitre,  required 
202  grains  of  the  fibrous  part  feparated  from  the  ferum;  and 
yet  with  this  part  the  nitre  detonated  more  brifldy  than  wiih 
the  other  parts  of  ihe  blood. 


IX.     Analjjis   of  ihe   Honey-Jiuie,   or  Mellite.      By 
C.  Vauquelin  *. 

X  HE  analyfes  of  this  (lone  given  bv  Abich  and  Lampa- 
dius  are  well  known.  The  former  obtained  from  100  parts 
of  it,  16  of  carbonat  -jf  aluminc,  4  of  carbon,  3  of  the  oxids 
of  iron,  40  of  carbonic  acid,  28  of  the  water  of  cryflallifation 
having  the  fmeli  of  bitter  almonds,  and  5-5  of  naphtha. 

The  latter  had  for  refult  86*4  of  carbon  f,  3*5  of  petro- 
leum, 3  of  filex,  and  3  of  the  water  of  cryftallifation  ;  which 
makes  an  enormous  difference. 

Mr,  Abich,  confidering  the  iiicombuftibilitv  of  the  mel- 
lite, propofes  to  remove  it  from  the  clafs  of  combuftibles, 
and  to  place  it  in  that  of  the  incombuftibles.  But  ProfciTor 
Klaproth,  whofe  labours  are  entitled  to  the  greateft  confi- 
dence,  informed  me  feveral  months  ago  that'  he  found  this 

'  Annales  de  Ch':mie,  No.  107. 

t  If  M.  Lampadius  operated  on  the  fame  fubfrancs  ss  thir  which  M. 
Abich  and  I  a.ialyfed,it  isimpolfible  that  he  flioiild  li^iVe  <  Itaincd  864  of 
carbcn;  for,  in  40  of  carbonic  acid  and  4  0f  carbonvobtaincd  bv  M.  Abich, 
there  was  not  a  fufficiency  to  form  86  of  carbon  ;  and  as  it  app.irs  from 
my  analyfis  that  there  is  not  more  than  ^5  per  cent,  of  real  acid  in  honey- 
ftooe,  it  is  evident  that  06  of  carbon  cannot  beextraflid  from  it.  .M.  La.n- 
p?.dius  therefore  muft  ha\e  oj'er.ted  in  another  ir.a'in.-r,  <  r  did  not  cM.ploy 
heat  fufficient  to  ana!yfe  the  acid,  if  the  fabflance  he  analyfed  was  really 
honcy-fione. 

pretended 
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pretended  ftone  to  he  compofed  oF  a  peculiar  vegetable  acid 
united  with  aluniiiic. 

Profefl'or  Ahildgaard,  to  whom  I  am  indebted  for  many 
curious  minerals  from  Norway,  Tent  me  a  few  weeks  ago,  by 
the  hands  of  M.  Mauteyj  a  fmall  quanlitv  of  mclhte,  a  part 
of  which  he  deftined  for  the  purpofc  of  analylis,  and  I  took 
the  earheft  opportunity  of  complying  with  his  wiflies  in, 
that  refpecl. 

Dcfcripfion  of  the  Melltle. 

This  fubftance  has  a  light  yellow  colour,  on  which  account 
it  has  been  called  mellite,  or  honcy-flone  :  it  generally  cryf- 
talliles  in  o6taedra,  the  angles  of  which  are  iometimes  re^ 
placed  by  facets  arifing  from  laws  of  decrement,  which 
have  not  attained  to  their  limits.  Its  fpecinc  gravity  is  not 
confiderable  ;  according  to  Mr.  Abich  it  is  about  i*666.  It 
is  found  in  Thuringia  in  ftrata  of  fothl  and  bituminous 
wood. 

Chemical  CbaraSiers  of  MeU'itc, 

T.  When  expofcd  to  the  aftion  of  heat  in  contact  with 
the  air  this  fubftance  becomes  white,  and  burns  without  be- 
coming fetifibly  charred  :  it  leaves  as  refiduum  a  white  mat- 
ter, which  produces  a  flight  effervefcence  with  acids.  It  has 
tie  fenfible  favour,  yet,  if  kept  for  fome  time  on  the  tongue^ 
it  occafions  a  faint  impreflion  of  acidity. 

Analyfis. 

TI.  I  took  two  grammes  of  mellite,  reduced  to  powder,  and 
mixed  them  with  four  grammes  of  faturated  carbonat  of 
potafli  diflblved  in  a  fufiicient  quantity  of  water.  As  foon  as 
the  mixture  was  made  it  produced  a  pretty  ftrong  eife^- 
vcfcence  without  the  afliftance  of  foreign  heat ;  but  to  acce- 
lerate the  decompofition  of  this  fubftance,  and  render  it 
more  complete,  I  expofed  it  to  a  gentle  heat  on  a  fand  bath. 

The  liquor,  when  filtrated  after  cooling,  had  a  brownifti 
colour,  and  left  on  the  paper  a  brown  matter,  which  whe^ 
dried  in  the  fun  weighed  nearly  o'8  of  a  gramme. 

III.  Thefe  o'8  of  brown  matter,  when  calcined  in  a  cru- 
'  cible,  became  white,   and  wei,ghed  no  more  than  0*33  of  fi 

grammei 
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gramme.  When  mixed  with  fulphuric  acid  diluted  with 
water,  they  produced  a  flight  effcrvcfccnce  :  the  mixture  was 
ihcii  evaporated  to  drynefs. 

According  to  what  had  been  announced  by  Profcflor  Klap- 
roth,  I  expelled  that  by  the  addition  of  water  almofi:  the 
whole  of  the  above  matter  would  be  diifolved;  but,  on  the 
contrary,  the  greater  part  remained  under  the  form  of  a 
white  powder. 

The  liquor  having  been  evaporated  till  there  remained  no 
more  than  3  or  4  grammes,  I  added  to  it  a  drop  of  the 
fulphat  of  potafli,  and  obtained  by  fpontaneous  evaporation 
about  0"i  gramme  of  alum  mixed  with  a  little  fulphat  of 
lime. 

I  then  examined  the  nature  of  the  matter,  which  when 
treated  with  fulphuric  acid  had  not  diflblved  in  water.  For 
this  purpofe  I  boiled  it  with  a  folution  of  the  carbonat  of 
potalh,  and,  when  filtrated  and  waflied,  I  had  the  following 
rcfult : 

ifl.  The  muriatic  acid,  diluted  with  two  parts  of  water, 
attacked  it,  exciting  a  flrong  effervefcence  ;  but  the  folution 
did  not  become  clear;  on  the  contiarv,  it  remained  milky. 

2d.  The  liquor,  when  filtrated,  gave  with  ammonia  a 
tranfparcnt  precipitate,  rcfembling  that  arifing  from  alumine 
bv  the  fame  means  ;  but  it  was  not  entirely  foluble  in  pot- 
kfh.  The  greater  part  however  was  dillblved  by  the  potafli, 
and  exhibited  all  the  charafters  of  alumine;  for,  when  com- 
bined with  the  fulphuric  acid,  it  gave  alum.  The  caufe 
therefore  why  this  fubflance  did  not  remain  combined  with 
the  fulphuric  acid  was,  in  all  probability,  itsceing  too  much 
heated  towards  the  cnJ  of  the  deficcation. 

The  li(|uor  from  which  the  ammonia  had  fejiarated  the 
alumine  already  fpoken  of  flill  gave  (light  precipitates  by  the 
carbonat  of  potafh  and  the  oxalat  of  ammonia ;  which 
proves  that  it  contained  a  little  lime. 

That  portion  of  the  matter  not  diflblved  by  the  potafh 
weighed  at  mofl  o'l  gramme,  and  appeared  to  me  to  hejtiex. 
McUite  then  contains  a  fmall  quantity  of  lime  and  filex. 

After  afcertaining  the  kind  of  matter  which  compofed  my 

Fefiduum.  I  tlien  examined  the  liquor,  which  I  concluded 
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mull  contain  acid  of  inclllte  united  to  potafli ;  and  in  tliS 
hope  that  it  would  give  up  its  hafo  to  mineral  acids,  I  pat 
into  a  portion  of  the  liquor  a  few  drops  of  nitric  acid,  which 
produced  a  very  Ihght  ciTervcrcence,  and  gave  birth  to  a 
fmall  qiiant'ty  of  a  brown  flaky  matter.  Some  hours  after 
what  I  Aifpeclcd  took  place  ;  the  acid  of  mellite  cryftallifcd 
under  the  fdrm  of  fmall  fliort  prifms  with  brilliant  facets. 

Finding  that  this  method  might  enable  me  to  feparate  the 
above  acid  from  the  potafli,  I  expofed  the  whole  of  the  liquor 
to  a  gentle  heat,  and  mixed  with  it  fome  nitric  acid  till  it 
had  an  cxcefs  fenfible  to  the  tafle.  I  then  made  it  pafs 
through  the  filter,  in  order  to  feparate  the  brown  flaky  i"nat- 
ter,  and  to  obtain  the  acid  in  a  purer  ftate.  In  two  cryftal- 
lifations  I  indeed  obtained  about  1*34  grammes  of  it,  which 
were  pretty  white,  though  it  had  ftill  a  yellowifli  tint.  The 
properties  which  it  exhibited  by  its  mixture  with  other  fub- 
ftaaces  were  as  follow  : 

ift.  This  acid  has  brilliant  facets,  a  confiderable  degree  of 
hardnefs,  and  a  (light  acid  favour  accompanied  with  a  little 
hittcrncfs,  which  n^ay  have  arifen  from  fome  particles  of  bi- 
tumen that  remained  attached  to  it,  and  which  gave  it  a 
yellowiili  colour. 

2d.  A  portion  of  ih.is  acid,  when  expofed  to  the  flame  of 
the  blow-pipe,  exhibited  at  firft  fome  fcintillations  like  falt- 
petrc ;  it  then  fwelled  up,  and  left  a  matter  which  foon  pene- 
trated the  charcoal. 

3d.  When  heated  in  a  covered  platina  crucible,  it  at  firft 
fwelled  up,  then  became  carbonaceous  without  producing  an 
oily  fmoke,  and  left  a  light  charcoal  which  w^as  exceedingly 
alkaline  *.  This  acid  remained  therefore  united  to  a  certain 
quantity  of  potafli,  notwithflanding  the  excefs  of  nitric  acid 
added  to  its  folution.  The  fame  eff*e£l  took  place  alfo  with 
the  tartareous  and  oxalic  acids,  which  by  thefe  means  pafs  to 
the  fl;ate  of  acidulous  falts. 

4th.    This  fait  is  very  little  foluble,   but  I  have  not  been 

*  This  ariil,  on  account  of  the  above  pioperty,  cannot  be  confounded 
■with  the  acidulous  tai  trite  of  potalli ;  for  the  latter  fwells  up  much  mere, 
and  during  its  decoinpofition  emits  a  pretty  thick  Imoke,  whith  has  a  pe- 
culiar odour  eafily  dilUnguiftied. 

able 
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able  to   determine  exa£lly  the  proportion  of  water  it  re- 
quires. 

5th.  Soine  grammes  of  the  Hmie  acid  diflolvcd  in  water, 
being  mixed,  ift,  with  a  fokition  of  hme,  immediately  formed 
a  white  flaky  precipitate,  which  foon  depofitcd  itfelf  at  the 
l)ottom  of  the  liquor  :  2d,  with  a  folution  of  the  fulphat  of 
lime,  a  light  granulated  and  cryftallifed  precipitate,  v/hich 
left  to  the  water  a  little  tranfparency,  but  which  was  in- 
creafed  and  rendered  flaky  by  the  addition  of  a  drop  of  am- 
rrtonia  *  :  3d,  with  a  folution  of  the  niuriat  of  barytes,  a 
very  fmall  precipitate  at  firft,  but  fome  moments  after  a  mul- 
titude of  cryftals  in  the  form  of  needles  :  4th,  with  a  folution 
of  (liver,  a  white  precipitate,  filky  and  brilliant  like  a  folution 
offoapj  fome  time  after  it  depofitcd  itfelf  under  the  form  of 
duft  :  5th,  with  a  folution  of  lead  by  nitric  acid,  a  white 
pulverulent  and  very  heavy  precipitate  :  6lh,  with  a  folution 
of  mercury,  a  white  precipitate  which  was  rendered  black  by 
a.  drop  of  ammonia. 

From  the  refult  of  thefe  experiments  it  appears  the  acid  of 
the  mellite  has  a  great  many  properties  analogous  to  thofe  of 
the  acid  of  fbrrel;  and  by  the  comparifon  which  I  made,  I 
could  perceive  no  other  differences  than  the  following  :  ift. 
The  precipitate  which  it  occafions  in  the  folution  of  ful- 
phat of  lime  manifefts  itfelf  lefs  fpeedily,  and  is  cryflalline, 
inftead  of  beins;  pulverulent  like  that  formed  by  the  acidulous 
oxalat  of  potafli.  2d,  It  feems  lefs  acid  to  the  tafie  than 
the  acidulous  oxalat  of  potafh,  but  this  may  be  owing  to  my 
not  having  added  to  its  combination  with  potafh  enough  of 
nitric  acid  to  deorive  it  of  a  fufficient  quantity  of  that  alkali. 
3d,  It  fwells  up  a  little  more  by  heat  than  the  acidulous  oxa- 
lat of  potafh. 

In  a  word,  the  fublimated  fait,  the  large  quantity  of  car- 

•*  The  acidulous  tartrite  of  potafh  does  not  immediately  produce  a  pre- 
cipitate in  a  foluiion  of  the  fulphat  of  lime,  but  in  24  hours  after  there 
are  formed  in  the  mixture  cryftnls  with  very  brilliant  facets,  which  are 
a  compound  of  lime  and  tirtareous  acid.  Though  cryftallifed,  this  tartrite 
of  lime  has  no  rerembljnce  to  that  produced  by  the  acid  of  honey-ftone 
u'iih  the  fame  matter;  it  differs  from  it  by  fwelling  up  in  the  fire,  where  • 
as  the  other  is  decompofed  without  fwclliug  up -^  and  in  this  has  an  an- 
alogy to  the  o\aht  of  lime. 

Vol.  VIII.  X  x  bonic 
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bonic  acid,  that  of  water,  and  the  fmall  portion  of  charcoal 
which  the  mellite  furnilhes  by  difiillation,  are  all  fafts  which 
feem  to  oonci-.r  to  prove  the  identity  of  thefe  two  acids ;  for 
the  ialt  ot  ibrrel  exhibits  in  the  fire  the  fame  pharnomena  *. 

The  o£laedrjl  form  of  the  mdlite  fee nis  alio  to  have  an" 
analogy  with  that  of  the  oxalic  acid,  which  is  a  reclangular 
prifm  terminated  bv  pyramids  of  four  faces  :  to  be  certain  of 
this,  nothing  is  necelTary  but  to  compare  the  inclination  of 
the  faces. 

However,  as  I  had  at  mv  difpofal  only  about  i  •34  gramme 
of  ihis  acid,  I  was  not  able  to  fubjetl  it  to  all  the  telts  necef- 
fary  to  demonftrate,  in  a  pofitive  manner,  its  identity  in  every 
point  with  the  (ixalic  acid  ;  for,  though  they  exhibited  ana- 
logous phaenomena  in  all  the  comparative  experiments  I 
made,  it  is  poffible  that  by  others  which  may  be  made 
hereafter  there  may  occur  one  difference  fufBcient  to  deftroy 
the  refemblance. 

I  have  therefore  publifhed  this  notice  chiefly  with  a  view 
of  inducing  the  chemifts  of  Germany,  where  this  fubftance 
is  moil  commonly  found,  to  repeal  the  analyfis  of  it,  and  to 
compare,  under  every  point  of  view,  its  acid  with  that  of 
forrel  Should  my  opinion  be  confirmed  by  new  experi- 
ments, we  fliall  then  have  oxalic  acid  in  the  three  kingdoms 
of  nature,  I'iz.  in  the  ftate  of  acidulous  oxalat  of  potafh  in 
feveral  kinds  of  vegetables ;  in  that  of  oxalat  of  lime  in  hu- 
man urinary  calculi ;  and,  in  the  laft  place,  in  the  flatc  of 
oxalat  of  alumine  in  the  interior  of  the  earth  among  bitu- 
minous kinds  of  wood  ;  but,  in  whatever  place  found,  it  feems 
always  to  be  indebted  for  its  origin  to  vegetable  matters  f. 

X.  Dr, 

*  The  acid  of  fo'Tel.  or  oxalic  ?.cid,  is  that  which  fiirniflics  by  difiilla- 
tion the  laigtft  quantity  of  carbonic  acid  and  water;  becaufe,  of  all  the 
natural  ve^ettble  acids  known,  it  contains  moft  oxvetn. 

f  Since  the  above  p.per  was  written,  I  conceived  the  idea  of  mixing 
the  acid  of  lioney-ftone,  united  to  a  little  potafh,  with  a  folution  of  pure 
fulphat  of  alumine,  and  there  was  immediately  formed  a  very  abundant 
flaky  depofit:  on  the  other  hand,  I  put  into  a  folution  of  the  fdmc  fait 
acidulous  oxalat  of  potafli,  but  there  were  no  figns  of  precipitation. 

Thefe  different  crfeiSls,  therefore,  ought  to  excite  well-founded  doubts 
refpefticg  the  identity  of  the  acid  of  honcy-ftonc  and  the  oxalic  acid  ;  and 

I  conftfs 
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Injinllejimal  Calculus. 

[Continued  frcm  Page  240.] 
The  fundamental  Principles  of  the  Infnitefimal  Analyjis^ 

32.  JL  PIEOREM  I. — If  in  any  int per fe3  equation  ivhat' 
ever,  there  he  fuhjlituted  for  any  one  of  its  component  quanti' 
tieSy  another  quantity  differing  infnitely  little  from  it,  or 
HJjhofe  ratio  to  the  frjl  hath  unity  for  its  limit,  or  ultimate 
value',  then,  Ifay^  that  the  equation  refulting from  this  trans- 
formation catinot  be  a  filfe  equation,  that  is,  it  will  becomes 
abfolutcly  exaB,  or,  at  leafi,  will  remain  what  I  call  an 
tmperfeB  equation. 

For  (ince,  by  the  hypothefis,  there  has  been  fubftituted  for 
one  quantity  another  of  the  fame  ultimate  value,  and  whofe 
ratio  to  the  former  hath  unity  for  its  limit,  it  is  evident  that 
fuch  fubftitution  could  not  change  either  the  ultimate  values 
of  the  fides  of  the  propofed  equation,  or  their  ultimate  ratio. 
Now,  bv  the  hypothciis,  this  ultimate  ratio  was  (1)  unity 
before  the  fubftitution ;  therefore  it  will  ftill  remain  unity; 
and  confequently  the  equation  will  preferve  the  chara6ler  of 
^hat  I  call  an  imperfect  one,  if  it  do  not  become  i:^oroaf]y 
exact.     Q.E.D. 

33.  Theorem  II. — An  equation  zvhich  cc^i.:ins  only  af- 
Jigned  quantities,  cannot  be  an  imperfect  equation. 

For,  by  the  definition  of  imperfect  equatiofis  (article  31), 
their  fides  are  unequal,  but  ditfer  infinitely  little  from  each 
other,  their  ratio  approaching,  as  nearly  as  we  pleafe,  to  the 
ratio  of  equality ;  therefore  there  enters  i-.ito  fuch  an  equa- 
tion fome  quantity  which  makes  no  part  of  the'fvftem  of  the 
quantities  propofed.      But  by   the   hypothefis   the  propofed 

I  confefs  that  I  (hall  fufpcnd  my  jud^-nent  on  this  po'at,  notwiihftjnding^ 
the  inclination  which   I   firft   had   to  believe  thefe  two  acids  to  be  of  the 
fame   nature.     For   this  rcaron.  before  any  tiling  can  be  dcteririned,  we 
muft  wait  until  espe.iments  rr.ade  on   a  larger  Icaic  throw  more  light  on 
the  fubie<f[. 

X  X  3  equatioB. 
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equation  contains  afligncd  quantities  only,  and,  confequcntly, 
it  cannot  be  what  I  call  an  imperfeft  equation,     a.  e.  d. 

34.  'Theorem  III. —  Every  imperfe£l  eqtuitton  which  hath 
undergone  fuch  Iransformations  as  are  -hidicated  in  the  jirjl 
theorem,  and  from  luhich  all  unajfigncd  quantities  have  been 
eliminated,  hy  thofe  transformations ,  will  be  neceffarily  and 
rigoroujly  exad.  * 

For,  by  the  firH:  theorem,  the  equation  cannot  be  abfo- 
lutely  falfe;  and,  by  the  fccond,  it  cannot  be  imperfe6t ; 
therefore  it  is  necefl'arily  and  rigoroufly  exaft.     q.e.d.* 

35.  Corolla  RY. — All  that  hath  been  faid  on  the  fubje6t 
of  imperfe6t  equations,  ought  to  be  underftood  of  all  the  pro- 
portions, propofilions,  and  reafonings  whatfoever,  which  can 
be  exprelled  and  delivered  by  fuch  equations. 

The  leading  Prijiciplc  of  this  Analyfs. 

36.  Scholium. — Such  are  the  general  principles  into 
which  the  theory  of  the  Infinitefimal  Calculus  is  refolvable. 
From  thefe  principles  it  appears,  that  if,  after  exprefling  the 
conditions  of  a  problem  in  imperfe<5l  equations,  we  arrive,  by 
means  of  fuch  transformations  as  are  indicated  in  the  firft 
tlieorem,  at  the  elimination  of  all  auxiliary  or  unaffigned 
quantities,  a  compcnfation  of  errors  muft  neceOarily  have 
taken  place,  in  the  courfe  of  the  procefs.  It  further  appears, 
that  the  advantage  of  the  Infinitefimal  Calculus  confifts  in 
this,  That,  the  conditions  of  a  queltion  being  often  very  diffi- 
cult to  be  exprefled  accurately  by  rigorous  equations,  it  is 

■  eafv  to  do  it  by  imperfect  equations,  from  which  as  certain 
rcfults  can  be  derived,  as  if  the  original  equations  had  been 
pcrfe6lly  accurate;  and  this  by  the  fimple  expedient  of  eli- 
minating the  quantities  wliofe  prefence  occafioned  the  error** 

"■*  The  word  fall?,  as  before  intimated  (in  the  Note  on  §  9),  fccms  by 
far  toy  ftrong  a  term  to  be  applied,  in  any  allowable  fenfe,  to  luch  et;ua- 
tions  as  the  autlior  is  ccnfidering.  He  lliouid  have  defined  it,  and  adhered 
to  liis  definition;  for,  in  art.  31,  he  u(tsfulfe  avd  impcrfeSi  as  convertible 
terms,  and,  in  art.  31  and  33,  he  takes  them  in  oppofite  fenfes.  This 
unfteadinefs  renders  his  meaning  fomewhat  ambig'jous.  Put  if,  by  frtlfe 
or  impeifcft  equations,  he  iinifoiiVily  rrjtMn  fuch  vvhclic  hdcs  differ  infinitely 
little  from  Lqialiiy,  then  his  whole  meaning  becomes  cie^r,  and  his  three 
theorems  aimoft  felt-evident.— W.  D. 

The 
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The  rcafon  of  this  procedure  is  finiple.  Siippofc  we  have 
occafioii  to  inveftigate  the  relations  which  fubfill  between  fe- 
veral  propofed  cjuantities.  If  it  be  difficult  to  find  diret9;ly 
equations  to  exprcfs  tliefe  relations,  \vc  naturally  recur  to- 
fome  intermediate  quantities,  which  may  ferve  as  tenns  of" 
•comiiarifon.  By  this  means  we  obtain,  if  not  the  very  eq\ia- 
tions  fought,  at  leaft  other  equations,  in  which  the  propofed 
quantities  are  blended  with  auxiliary  ones ;  and  there  can  be 
no  qucftion  that  thefe  laft  ought  to  be  eliminated.  But  if, 
additionally,  the  values  of  thefe  auxiliary  quantities  be  arbi- 
trary, and  may  be  fuppofed  as  fmall  as  we  pleafe,  without 
affecting  the  propofed  quantities,  it  is  eafy  to  fee,  that,  if  in 
the  equations  exprefling  the  relations  fought,  arbitrary  quan- 
tities be  mixed  with  propofed  ones,  each  of  thefe  equations 
may  be  decompofed  into  two,  one  containing  affigtied,  and 
the  other  arbitrary  quantities.  It  is  nearly  in  this  manner, 
that  an  equation  containing  real  and  imaginary  quantities 
may  be  decompofed  into  two  equations,  the  one  confiding  of 
real,  and  the  other  of  imaginary  quantities.  Now,  as  wc 
only  want  the  equation  which  exifts  between  the  propofed 
quantities,  it  is  evident  that,  in  thofe  equations  where  they 
are  mixed  with  arbitrary  ones,  we  may  fafely  negle<ft  the 
quantities  which  embarrafs  our  calculation,  when  the  refult- 
ing  errors  can  only  affe<9:  the  equation  between  the  arbitrary 
quantities  which  it  contains.  Now  this  is  precifely  what 
takes  place  in  the  Infinitefimal  Calculus,  where  we  confido* 
infinitely  fmall  quantities  as  nullities  when  compared  with 
finite  ones. 

In  order  to  render  this  explanation  dill  clearer,  let  us  re- 

iume  our  former  example.     In  article  9,  we  found 

^  ^  _  MZ         ^  LIZ  2  J  +  RZ 

TP+TT  =y  ~^,  and  -^  =  _-__^. 

Thefe  two  equations  are  both  perfectly  exaft,  whatever  be  the 

values  of  MZ  and  RZ.  Deducing,  then,  from  the  firll  equation, 

\IZ 
the  value  of  -  --,  and  fubftituting  it  in  the  fecond,  I  get 

TP  +  T'T  __       2y  +  RZ     ^ 

y  "~    2a  —  2.r  —  il/Z* 

and  this  equation  is  accurate,  as  it  ought  to  be,  whatex-ec 

diftance 
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diftance  we  may  fuppofe  to  intervene  betwixt  the  lines  jRS 
and  MP. 

Now,  it  is  eafy  to  fee  that  this  laft  equation  is  fufccptiblc 
of  the  following  form  : 

/  TP  y     \        (TT        jMZ  +  aRZ  —  xUZ  \  _     ^ 

\y  a-  x)   '^\   y     ~~   (a -a)  .  i^za-lx-WZ))  ~  °*' 

an 


*  As  thi's  equation  appears  to  be  erroneous,  I  ftiall  examine  it 
throughout ;  putting,  for  brevity,  TP  m  s,  T 'T  =:  J  y  MZ  =  x, 
RZ  =y.     The  equation  immediately  preceding,  in  this  notation,  is 

s  +  s 27  +  y  ^    I    ^*    —       V  +  y 

-,  or  —  -J-  —  — 


y  2a  —  zx  —  X         y         y         2a  —  2x  —  x 

which  being  made  rr:  o,  is  {—  +    —  )  —  f ■ A  =  o. 

°  ^  y  y  I         \za  —  Zx  —  xi 

>'*  ^        y        ^       y 

Now,  (by  article  o)  J  =  ,  or   —  ■=  . ,  or =  oj 

a  —  X  y         a  —  x        y        a—x 

and  thiswillbe  thefirft  memberof  the  new  equation,  which  is  to  contain, 
what  our  author  calls  "affigned"  quantities  only,  as  the  fecond  member 
is  to  contain  none  but  "  auxiliary"  quantities.    The  firft  part  of  the 

fecond  member  is  obvioufly  — ,  an  auxiliary  quantity  ;  and,  in  order 

y 

]    alfo  Kvholly  auxili- 

2a  —  Zx  —  xi 

ary,  we  multiply  both  the  numerator  and  denominator  hy  a  —  x  (or 
by  its  equal  -^-r-,  by  art.  9).     This  multiplication  by  a—x,  gives 

the  latter  p?rt  of  the  numerator  aj  —  xy;  and  thus  far  the  author's 
new  equation  is  right. 

But  the  auxih'ary,  equivalent  to  the  affigned  quantity  2y  .  [a  —  x), 
cannot  be   what  he  makes  it}  for,  as  we  have  jull  feen,  a  —  x  :=: 

^-^,  and  therefore  it  Ihould  be  2y  .  (a  —  x)  =  — =--. 

X  X 

Now  the  author  has  2y  .   (a— a)  =  yx,  and  confequently,  if  bis 
fefult  be  right,  we  fhould  have, 

■ — ; —  =  y-'^}  ana_y  =  — r. 

X  ^y  * 

V             X                    ax  ^"  XX 
But  (by  art.  9,  again)  — - —  =  —r,  and  y  =  * 

a  —  X        y  y 

^.         r         ax  —  XX  Jr*l  X 

Theretore =  —r,  and  a  —  a'  =  — ; 

y  2y  2 

But  this  being  plainly  impoffible,  I  conclude  that  zy  .  {a—x)  = 
^^,  or  zy'-y  \  x  {:=7y*.  {RZ  :  MZ)  in  our  author's  notation  j 

and 
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an  oqnntion,  the  firft  term  of  which  contains  only  given. 
quantities,  and  the  lecond  only  arl^itraiy  quantities,  which 

and  that  the  new  equation  fliould  be, 

(    i  y      \     ,    f   ■'  V^'^'  :  i-  -I-  av  —  'Vy       \ 

I  —    _    —z 1    +      —   —    7 ; — 7 '■ ;-  1      =   o, 

fTP ^\        /  T'T  _  2^  .  (RZiMZ)  +aRZ~xRZ\ 

\y    "  a-x)        \    y  {a-x).(2a  —  2x  —  MZ)     J~°' 

anu,  in  this  lalt  manner,  I  ihall,  in  future,  take  the  liberty  to  write  it. 

It  the  value  of  a  —  x  had  been  taken  from  the  accurate  equation 

X  2y  4-  y  - 

(in  article  g)  —   = : r,  we  mould  then  have  had 

■^     y  2a  —  2x  —  X 

'ly  .  (j-.v)  =  {2y'>-y  +  jv^  +^^*)  :  -^J 

fo  that,  in  rigid  Jiri^utfs,  ihe  new  equation  (hould  be, 

/J ^—\-\-  (- (2y7  +yy'-  +  yx^)  ;  x  +  ay-xy\ 

\  y         a—xj       \  y  {^  ~  ^)  •  (2*^2  ~  2x  -^  x)        )~~ 

Now,  though  y^  and  jf*  be  infinitely  lefs  JiiU  than  their  infinitely 
fmall  roots  ;■  and  a-,  and  confequentlyjlji-  +  yx^  infinitely  leis  than 
2y'y,  and  thus  may  be  fafely  negle^^edj  yet  it  would  not,  perhaiis, 
have  been  amifs,  if  the  author,  while  he  was  exhibiting  all  his  quan- 
tities, had  brought  tbem  alfo  Into  view. 

Some  readers  may  be  fuipri'.ed  at  the  mention  of  quantities  infi- 
nitely lets  than  infinitely  fmall  ones.  But  their  woncier  will  ceafs 
when  they  recollecl.  That  if  .my  integer,  or  any  fiat'i^ion,  he  nnilti- 
plied  by  a  frartiun,  the  prodii£l  will  be  L'fs  than  the  multiplicand, 
and  will,  in  fai5l,  be  only  luch  a  part  of  the  multiplicand,  as  the  mul- 
tiplier is  of  unity.  Thus,  if  "000000000000 1  (prefixing  cvphers  ad 
infinitum)  be  multiplied  by  any  other  interminably  or  inconceivably 
fmv.ll  fra;:^tion,  the  produft  will  be  only  fuch  an  inconceivably 
fmall  part  of  the  already  inconceivably  fmall  multiplicand,  as  is 
exprelied  by  the  inconceivably  fmall  multipiier:  in  other  words,  the 
product  (relatively  to  our  conceptions)  may  be  faid  to  be  infinitely 
leis  than  the  infinitely  Imall  multiplicand.  In  like  manner,  ^y  may 
reprefent  a  re6l.;ng!e,  whole  breadth  x  is  infinitely  fmall  compared 
with  its  lengih_y.  which  may  be  any  finite  line,  or  it  may  even  bean 
iiidefini'e'.y  or  infinitely  great  line.  But  now  iuppofe  j;  alfo  to  be  in- 
finitely fmall,  or  to  become  j;  then  it  is  eafy  to  fee,  that  this  fecond 
rei^tangle  xy,  both  wht  le  dimenfions  are  infinitely  Imall,  will  be  in- 
finitely lefi.  thin  the  firlt  rctfan;;!e  xy,  which  has  only  one  of  its 
dimenfions  infinitely  Imall.  Thus  alfo  the  fquarcs  jr*  and  j*  will 
be  infinitely  lefs  than  their  infinitely  fmall  roots  x  and  y,  and  the 
cubes  X  andjf',  than  the  fquares  x'^  and  j*,  <kc. — A\que  enim  7wvii 
natura  Imiiim. 

Were  this  the  proper  place,  we  might  recommend  thefe  and  many 
analogous  conilderations,  both  mathematical  and  metaphyfical,  to 
the  icrious  attention  of  certain  gentlemen,  who,  without  abatinof  a 
tittle  from  their  high  preienfions  to  accurate  reafoning,  fciuple  not 
to  tcil  us.  in  very  general  terms,  "  that  they  can.iot  believe  any 
i\i\u^  which  the^^  caniiol  conceive  or  comprehend." — W.  D. 

laft 
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Jaft  may  be  fappofed  as  fmall  as  we  pleafc,  without  affe^tmg 
the  quantities  in  the  fird  term ;  becaufe  we  may  fuppofe  RS 
to  be  as  near  as  we  please  to  MP.  Agreeably,  therefore,  to 
the  theory  of  indeterminate  quantities,  each  of  the  terms 
of  this  equation,  taken  feparately,  mud  dcftroy  itfelf,  or  be; 
equal  to  nothing  ;  that  is,  this  equation  may  be  rcfolved  or 
cJecampofed  into  two  others,  namely, 

TP  y  ,T'T      2y^.(RZ:MZ)-^aRZ^xRZ 

—  o  and -. ^r-  -. i'r'7\~  —  ^» 

y        a  —  .V        '  y  {a — x)  .  {2a  —  2x  —  MZ) 

the  firfl:  of  which  equations  contains  only  afllgned  quantities, 
and  the  fecond  none  but  arbitrary  ones.  But  afligned  quan- 
tities alone  are  necefTary  to  our  purpofe;  for  they  give  us  the 
required  value  of  TP,  the  fame  that  we  before  found  it. 
When,  therefore,  we  have  even  committed  errors  in  the 
courfe  of  the  calculation,  the  exaftnefs  of  the  refult  will  not 
be  affected,  provided  that  thofe  errors  are  confined  to  the  ^q~ 
cond  equation.  And  this,  in  facl,  is  the  fame  thing  which 
would  have  happened  if  we  had  confidered  iViZ,  A'Z,  and 
TT,  as  nullities,  in  comparifon  with  the  quantities  a,  x,  and 
J.  We  fl>ould,  indeed,  have  committed  errors  in  exprclTing 
the  conditions  of  the  problem  ;  but  thefe  errors  would  have 
delboyed  each  other  by  compenfation,  and  the  required  reiult 
would  not,  in  any  refpeft,  have  been  altered. 

The  Infinitejzmal  Analyjis  is  only  an  Application  or  Extenjion 
of  the  Mcthoil  of  proceeding  in  Indeterminate  Problems. 

57.  From  what  has  been  faid,  it  will  be  eafy  to  perceive 
that  the  Infinitefimal  Analyfis  is  nothing  elfe  than  an  appli- 
cation, or,  if  you  will,  an  cxteufion  of  the  Method  of  Inde- 
terminatcs.  For,  agreeably  to  that  method,  I  fay,  that  whcji 
we  negle^l  an  infinitely  fmall  quantity,  we  do  nothing  more, 
properly  fpcaking,  than  underjland  it,  and  do  not  fuppofe  it 
to  be  nothing.  Thus,  when  inltead  of  the  two  exact  equa- 
tions, found  in  article  9,  namely, 

TP  +  TT  =  MP  -^j,..,  and  -.,,.-  = ^' rry, 

^  RZ  RZ        2a  —  aA-  —  MZ 

I  enjploy  the  two  imperfect  equations, 

TP  =  MP  -jT^y  and  -7^  =    -^—  ; 

I  know^ 
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T  know  very  well  that  I  am  committing  an  error,  and  I  put 
the  equations,  meniaUy^  fo  to  fpeak,  into  this  form, 

p  and  ^'  being  fuch  qiiantities  as  the  former  equations  want 

to  render  them   exact.      In  like  manner,  in  the   equation 

TP           y  . 

-jj.p  =  ,  refulting  from  the  above  two  imperfeA  cqua- 

/  TP 
tions,  I  tiiuhrjland  the  quantity  <f>" y   being  fuch  that  ( -■ -- 

y       » 

—  ~tr~J  "^~  ^"  ~  °'  ^^"^y  ^^  ^'^  exa<3.  equation.  But  I 
know  well  enough,  that  this  laft  quantity  <p"  is  equal  to  zero; 
or,  at  leaft,  that  it  is  only  ari  infinitely  fmall  quantity,  fince 
no  infinitefimal  enters  into  the  firft  term.  Now  this  cannot 
happen,  unlefs  each  of  the  terms,  taken  feparatel-y,  be 
equal  to  nothing ;  whence  I  conclude,  that  I  have  exadlly 

rp  r  , 

vjtt:  = ;  fo  that  the  quantities  <p,  &'  and  a"  have  not 

MP       a  —  X  ^ 

been  fupprefled  a«  nullities,  but  only  imderjlood^  in  order  to 

Amplify  the  calculation. 

Again  :  if  _Y,  for  example,  be  an  arbitrary'  quantity,  which 
may  be  rendered  as  fmall  as  we  pleafe,  and  if  there  were 
given  an  equation  of  this  form, 

A  +  BX  -^-  CX'  +  fee.  =  o, 
j4,  B,  C,  &c.  being  independent  on  X,  this  equation  cannot 
cxill,  unlefs  it  be  ^  =  o,  5  —  o,  C  =  o,  &c. ;  that  is, 
unlefs  each  term,  taken  feparately,  whatever  be  their  num- 
ber, be  equal  to  zero.  And,  for  the  fame  reafon,  if  we  have 
an  equation  of  this  general  form,  P  +  ^  =  o :  fo  that  P 
may  be  a  funSion  of  the  quantities  given  or  determined  by 
the  conditions  of  the  problem ;  and,  on  the  other  hand,  Q, 
a  quantity  which  we  may  fuppofe  as  fmall  as  we  pleafe,  we 
fhall  neccffarily  have  P  =  o,  and  ^=  o.  But  fuch  is  pre- 
cifely  the  nature  of  the  equation  in  the  laft  article,  namely, 
/TP  y     \         /T'T        2f- .  {RZ :  MZ)  +  aRZ  -  xUZ\  _ 

\  y         a^x)  "*"  \y  {a  -  x)  .  {2a  -  zx  -  MZ)  )~°' 

Therefore  each  of  the  terms  of  this  equation,  taken  fepa- 
rately, is  equal  to  zero;  and  confequently,  the  ijuantities 
T'T,  MZ  and  RZ,  which  enter  not  into  the  firft  term,  may 

Vol.  Vlll.  y  y  be 
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be  negle^ed,  in  the  courfe  of  the  calculation,  without  alter* 

ing  that  firfl:  term. 

The  Infinitefimal  Analyfis,  therefore,  differs  from  the 
niclliod  of  indeterminates  only  in  this,  that  in  the  former, 
quantities  which,  were  they  allowed  to  remain,  would,  in  the 
end,  always  deftroy  one  another,  are  treated  as  nothing,  or 
rather  are  7^«v'/(?r/?oo<^  throughout  the  calculation;  while,  in 
the  Method  of  Indeterminates,  we  wait  till  the  end  of  the 
calculation,  and  then  cancel  the  arbitrary  quantities  which 
ought  to  be  eliminated.  This  laft  method  may  therefore  very 
eaiilybe  made  to  fupply  the  ule  of  the  Infinitefimal  Calculus, 
without  the  help  of  imperfeft  equations,  and  without  com- 
mitting any  error  in  the  courfe  of  the  calculation. 

38.  There  is  yet  another  method  of  coming  at  the  refults 
of  the  Infinitefimal  Analyfis^  without  overpaffing  the  bounds 
of  ordmary  algebra;  and  that  is,  by  the  Method  of  Limits,  or 
Ultimate  Ratios.  For  though  this  analyfis  be  founded  entirely 
on  the  properties  of  limits  and  ultimate  ratios,  it  differs  never- 
thelefs  from  what  is  properly  called  the  method  of  limits,  in 
this,  that  in  the  latter,  tiie  quantities  which  we  call  Infini- 
tefimal, do  not  enter  feparately  into  the  calculation,  nor  even 
their  ratios,  but  only  the  ultimate  values  of  thefe  ratioSj^ 
which  being  finite  quantities,  do  not  fo  properly  confiitute 
this  method  a  p9.rticular  calculus,  as  a  fimple  application  of 
ordinary  algebra. 

The  bufinefs  before  us,  then,  is  by  barely  introducing  into 
ordinary  algebra,  not  rnfiuitefimal  quantities  themfclves, 
but  the  ultimate  ratios  of  thefe  quantities,  to  fupply  the; 
means  which  the  Infinitefimal  Analvfis  furniflies,  for  dif- 
covering  any  properties,  ratios  and  relations  whatfocver,  of 
the  magnitudes  which  conftitute  any  propofed  fyftem ;  and 
this  is  that  which  is  properly  called  the  Method  of  Limits. 

To  explain  the  procedure,  and  give  fome  idea  of  the  fpirit, 
of  this  method,  we  fhall  again  refume  the  example  before 
treated  of. 

Explanation  of  the  Method  of  Limits,  properly  fo  called. 

It  is  evident,  from  what  was  delivered  in  article  9,  that, 

AlZ  TP 

though  -^:^  be  not  equal  to  —— ■ ,  vet  the  firft  of  thefe 

3  quantities 
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t^ilantilies  differs  fo  much  the  lefs  from  the  fccond,  as  RS 

MZ 
approaches  nearer  tb  MP ;  or,  in  other  words,  that  -jr^  1= 

TP 

■Tj^  is  an  imptirfeft  equation  j  but  that  (putting  L  for  the 

AIZ         TP 
limit,  or  the  uhimate  value,)  L  .  -7777  =  rrrir  is  a  perfeft, 

or  rigoroufly  e.xad,  equatioiu 

In  like  manner,  L  .  -^-^  =  •  ■  is  proved  to  be  a  per- 
fect, or  rigoroufly  exa6l,  equation.  Etjuating  then  thefe  two 
values  of  L  .  -^-,  there  arifes,  as  before. 


Fp^Th-  °'  (^^P  ^""S  =y)TP  =  -4-^. 


Thus,  this  new  calculus  contains  neither  the  infinitely  fmall 

MZ 
RZ 

T. 

RZ 


quantities  MZ  and  RZ,  nor  even  their  ratio  -^  ;  but  only 

TLfy 

the  limit  or  ultimate  Value  of  that  ratio,  namely,  L  . 
which  is  a  finite  quantity. 

39.  If  this  method  could  be  always  as  c'afily  put  in  praftice 
as  the  ordinary  Infinitefinial  Analyfis,  it  might  even  appear 
the  mofl  eligible  of  the  two  :  for  it  would  have  the  advantage 
of  conducting  us  to  the  fame  refults,  by  a  path  which  is 
always  dired  and  luminous ;  whereas  the  other  condu6ts  us 
to  the  truth,  only  after  having  made  us  Iraverfe,  fo  to  fpeak, 
the  regions  of  error. 

But  it  muft  be  owned  that  the  Method  of  Limits  is  attended 
with  a  conliderable  dlfHculty,  which  has  no  place  in  the  ordi- 
nary infinitefimal  Calculus.  In  the  former,  the  infinitely 
fmall  quantities  cannot,  as  in  the  latter,  be  feparaied  from 
each  other;  and  thefe  quantities  being  always  conneded  two 
and  two,  afford  no  opportunity  of  introducing  into  the  com- 
binations, the  properties  of  each  in  particular,  or  of  fubjecl- 
ing  the  equations  into  which  they  enter,  to  thofe  transform- 
ations which  may  aflTift  in  their  elimination.  This  difficulty 
is  much  lefs  felt  in  the  operations  themfelves,  than  in  the 
preparatory  and  fupplem^ntal  propofitions  and  rcafonings. 

Y  y  i  Tki^ 
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The  Origin  of  the  Kame,  LiJiTiitely  Small  Quantiftes. 

40.  From  what  has  been  faid  (in  article  2.)  on  the  origin 
\vhich  the  Infinitefimal  AnaKfis  might  have  had,  it  appears, 
that  the  quantities  called  Infinitely  Small,  received  that  name 
from  it's  being  at  firft  beliered  that  it  was  neceflary,  for  the 
fuccefs  of  the  calculations  in  which  they  were  employed,  to 
attribute  to  thofe  arbitrary  quantities  values,  which  were  really 
lefs  than  any  which  could  be  recognized  by  the  fenfes,  or 
conceived  by  the  imagination.  But  a  better  digefted  theory 
has  made  it  appear,^.that  fuch  a  fuppofition  is  unneceflary  j 
fince  the  fuccefs  of  this  calculus  proceeds  not  from  the  atte- 
nuation of  thofe  arbitrar)'  quantities,  but  folely  froFiii  the 
compenfation  of  errors  which  they  occafion  in  the.procefs. 

"We  have  feen  indeed,  ii\illufl:rating  the  example  fo  often 
adduced,  that  the  procedure  and  the  refults  of  the  calculation 
were  precifeiy  the  fame,  whatever  value  we  attributed  to  the 
infinitelv  fmall  quantities  3/Zand  RZ,  and  that  confequently 
the  characler  of  this  kind  of  quantities  confilts  not  in  their 
real  minutenefs,  but  rather  in  their  being  abfolutely  indeter- 
minate, that  is,  in  their  property  of  remaining  arbitrary 
throughout  the  calculation,  and  fo  iudependant  on  the  pro- 
pofed  quantities,  that  we  can  always  take  them  as  fmall  a-i 
v.'e  pleafe,  without  changing,  in  any  refpe£t,  the  condition* 
of  the  problem. 

Infinitefimal  quantities,  as  was  obferved  in  article  24,  are 
bv  no  menns  chimerical  beings,  but  fimply  variable  quan- 
tities, characterized  by  the  nature  of  their  limit,  which  is  o 

for  infinitely  fmall  quantities,  and  —  for  thofe  which  are 

infinitely  great.  To  ihefe  indeterminate  quantities,  as  well 
as  to  all  other  indefinite  quantities,  may  be  fucceffively  attri- 
buted, divers  arbitrary  values,  and  among  thofe  values  ought 
to  be  included    the  idtimate  values  of  all,  that  is,  o,  for 

quantities  infinitely  finally  and  — .  for  thofe  which  are  infi- 
nitely great. 

Dijin^ion- 
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D'ljliriSlion ofMatJjematical  Infinity  into  Senjible  and Ahfolute. 

41.  This  obfervation  leads  to  the  diftlnftion  of  mathema- 
tical infinity  into  two  kind>,  namely,  Jc?ijible,  or  aiji/nahle, 
infinity,  and  ahfolute,  or  metaphyjlcai,  infinity,  which  is  the 
limit  of  the  former. 

If  then,  to  any  infinitely  fmall  quantity,  be  affigned  a 
determinate  value,  which  is  not  o,  this  value  will  be  what  I 
call  a.  fcnjible,  or  ajjlgnahle^  Infinitefimalj  whereas,  if  this 
value  be  the  laft  of  all,  that  is,  if  it  be  abfolutely  nothing,  it 
will  be  what  I  call  an  ahfolute^  ox mctapkyjical,  Infinitefimal, 
which  I  {hall  alfo  diftinguilh  by  the  name  of  an  e-vanefcent 
quantity.  Thus  an  evanefcent  quantity  is  not  that  which  is 
generally  called  an  infinitely  fmall  quantity,  but  only  the 
ultimate  value  of  that  quantity.  It  is  only,  I  fay,  a  deter- 
minate value  which,  like  any  other  value,  may  be  attributect' 
to  that  arbitrary  quantity,  which  is  generally  denominated 
infinitely  fmaJl. 

42.  The  confideration  of  thefe  evanefcent  quantities  would 
be  almoft  ufelefs,  if  in  calculation  we  were  reftricted  to  treat 
them  as  fimple  nullities  ;  for,  in  that  caie,  they  would  pre- 
fent  only  the  vague  ratio  of  o  to  o,  which  is  no  more  equal 
to  2  than  it  is  to  3,  or  to  any  other  quantity  wliatfoever. 
But  it  muft  not  be  forgotten,  that  thefe  nullities  are  here 
invefted  with  particular  properties,  as  the  ultimate  value  of 
indefinitely  fmall  quantities,  whofe  limits  they  arc;  and  that 
the  particular  epithet,'  evanefcent,  is  applied  to  them  in  order 
to  denote,  that,  of  all  the  ratios  and  relations  of  which  they 
are  fufceptible  in  quality  of  nullities,  no  other  is  confidered 
as  entering  into  the  calculation,  than  thofe  which  the  law  of 
continuity  affigns  to  them,  when  the  fyfl:em  of  auxiliary 
quantities  is  fuppofed  infcnfibly  to  approach  to  the  fyftem'of 
affigned  quantities.  This  idea  is  what  fome  great  geometri- 
cians have  thought  they  could  exprefs,  when  they  faid,  that 
evanefcent  quantities  were  quantities  confidered,  neither 
before  nor  after  they  had  vanifhed,  but  in  the  very  inftant  of 
their  vanifhing  *. 

For 

*  (C'fft  ce  que  de  gran  J s  geomenei  out  cm  powvoir  exprlmer.  Sec. ) 
XM  author  here  plainly  alludes  to  Sir  I.  Newton,  the  author  of  this 

doftriac 
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For  example,  In  the  cafe  before  adduced,  as  long  a$  R!5 

does  not  coincide  with  MP)  the  fraction  --y  is  greater  than 

TP 

—  ;  nor  do  thefe  fraciions  become  equal,  till  MZ  and  RZ 

MZ 
are  reduced  to  nothino-.  It  is  true,  that  then.  -^77-  is  as  much 
°  RZ 

equal  to  any  other  quantity  as  to  —  ;  becaufe  —  is  a 

quantity  altogether  arbitrary  j  but,  among  all  the  different 

MZ  TP 

values  which    -^  may  be  fuppofed  to  have,  —  is  the  only 

one  which  is  fubje6led  to  the  law  of  continuity  and  deter- 
mined by  it.    For,  if  a  curve  were  conftru6led,  whofe  abfclffe 

do£ir'ine  of  prime  and  ultimate  ratios,  and  of  the  whole  method  of 
Fluxions.  That  great  man,  in  the  concluding  fcholium  of  Seft.  i.  B.  li 
of  the  Frindpia,  has  iheie  words  :  "  Obje^io  cjl,  &c."  "  It  may  be  ob- 
jefted  that  evanefcent  quantities  have  no  ultimate  proportion  ;  for  that* 
before  they  vanifti,  that  proportion  cannot  be  the  laft,  and  after  they  have 
Vanlflied,  it  is  nothing.  But,  by  the  fame  argument,  when  a  moving  body 
ftops  at  a  certain  place,  it  may  be  faid  that  it  has  no  ultimate  velocity,  for 
that,  before  the  body  reaches  that  place,  the  velocity  is  not  the  ultimate 
Telocity,  and  when  it  has  reached  the  place,  the  velocity  is  nothing.  The 
anfwer  is  enfy  •,  for  by  the  ultimate  velocity  is  meant  the  velocity  of  the 
body,  neither  before  it  reaches  its  laft  place,  nor  after  it  has  reached  it, 
but  that  velocity  with  which  it  actually  reaches  it ;  that  is,  the  very  velo- 
city with  which  the  body  attains  its  laft  place,  and  comes  to  reft.  In  \\]r.% 
manner,  by  the  ultimate  ratio  of  evanefcent  quantities  is  to  be  underftood, 
the  ratio  of  thofe  quantities,  neither  before,  nor  after  they  vanilli,  but  the 
talio  luitb  -which  they  'vanifh.  And  thus  alfo  the  prime  ratio  of  nafcent 
quantities  is  that  ratio  with  which  they  firll  ftart  into  exiftence,"  &c. 
Though  but  a  humble  and  diftant  follower  of  Newton, 
^em  huge  fiquor,  et  'vefligia  promts  adoro, 
I  fee  nothing  that  could  hinder  him  from  "  thinking  he  could  exprefs  " 
the  fundamental  principle  of  this  doftrine  by  fuch  language.  For  my 
own  part,  I  muft  frankly  fay,  that  the  fcholium  whence  it  is  quoted,  con- 
veys, or  fuggefts,  that  principle  more  clearly  to  my  mind,  than  all  that  our 
ingenious  author  and  others  have  written  on  the  fubjeft.  But  xve  do  not 
all  fee  things,  with  equal  clearnefs,  in  the  fame  point  of  view.  Some  of 
my  fuperiors  in  genius  and  knowlcdj^e  have  a  diff-jrcnt  opinion  of  that 
fcholium,  and  of  the  reft  cf  Newton's  fluxionary  doftrine,  as  delivered  by 
himfelf,  and  even  as  explained  by  Ditton,  Simpfon,  and  others.  To  fuch 
I  would  recommend  the  j^refent  perfpicuous  traft.— W.  D. 
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was  the  indefinitely  fniall  quantity  MZ,  and  it's  ordinate 

proportional  to  -p^ ,  that  which  would  anfwer  to  the  ab- 

TP 
fcifle  o,  would  be  reprefcnted  bv  —  ,  and  not  by  an  arbi- 
»  -    jj. 

trary  quantity.    Now  this  is  what  diftinguiflies  the  quantities 

which  I  call  evanefcent  from  thofe  which  are  limply  nothing. 

Thus,  though  in  general  we  have  OZ12XO,  =  3X0, 

=  4X0,  &c.  yet  we  cannot  treat  an  evanefcent  quantity, 

fuch  as  MZ,  in  the  fame  manner,  and  fay  MZ  =  iMZ  = 

^MZ  =  ^AIZ,  &c.  ;  for  the  law  of  continuity  cannot  aflign 

to  AIZ  and  MZ,  any  other  ratio  than  that  of  equality,  nor 

any  other  relation  than  that  of  identity  *. 

43.  We  have  fcen  that  by  introducing  into  the  calculation 
infinitely  fmall  quantities,  and  by  neglecting  them  in  com- 
parifon  with  finite  quantities,  the  equations  became  imper- 
fect, and  that  the  errors  which  they  produced  were  only 
compenfated  in  the  required  refult.  But  we  have  it  now  in 
our  power  to  avoid  this  kind  of  inconvenience,  by  means  of 
evanefcent  quantities,  which  being  nothing  elfe  than  the 
ultimate  values  of  the  infinitely  fmall  quantities  correfpond- 
ing  to  them,  mav,  like  any  of  the  other  values,  be  attributed 
to  thefe  indefinitely  fmall  quantities;  and  which  being,  iu 
another  point  of  view,  aijfolute  nullities,  may  be  neglected, 
when  they  are  found  conneCled  with  anyefFeClive  quantities, 
without  preventing  the  calculation  from  being  perfe6lly  ri- 
gorous. 

44.  The  Tnfinitefimal  Analyfis,  then,  may  be  confidered  iu 
two  different  points  of  view  ;  by  regarding  the  infinitely  fmall 
quantities,  either  as  real,  effeClive  quantities,  or  as  abfolute 
nullities.  In  the  firfl  cafe,  the  Infinitefimal  Analyfis  is 
nothing  elfe  than  the  Calculus  of  compenfated  errors;  and  in 
the  fecond,  it  is  the  art  of  comparing  evanefcent  quantities 
among  themfelves,  and  with  others,  in  order  to  deduce  from 
thefe  comparifons  the  proportions  and  relations,  whatever 
they  may  be,  which  fubfifl  among  the  quantities  propofed. 

*  For  "  identity,'"  the  author  fliould  have  ufe<3  the  word  '<  congruity," 
They  are  very  far  from  being  fynonymous  terms  ;  though  uled  as  Ibch 
by  fome  roathematiciaas.     See  Euclid's  8th  axiom. — VV.  D. 

Evanefcent 
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Kvanefcent  quantities,  as  being  equal  to  nothing,  ought  to 
be  negleded  in  the  calculation,  when  they  are  conne^led,  by 
addition  or  fubtraclion,  to  any  real,  efleAive  quantity.  But 
they  have,  nevcrthelefs,  as  we  have  feen,  relations  very 
important  to  be  known,  relations  which  are  determined 
by  the  law  of  continuity,  to  which  the  fvfcem  of  auxiliary 
quantities  is  fubjc^ted  in  its  mutations.  Now,  in  order 
to  difcovcr  this  law  of  continuity,  it  is  eafy  to  perceive, 
that  we  are  obliged  to  confider  thefe  evanefcent  quantities  at 
fome  diftance  fiom  the  limit  where  they  entirely  vanifh, 
otherwifc  they  prefent  only  the  indefinite  ratio  of  o  to  o; 
but  this  diftance  is  arbitrary,  and  hath  no  other  objeft  but  to 
enable  us  to  judge  more  eafily  of  the  ratios  or  relations  which 
exift  between  thefe  evanefcent  quantities.  Thefe  are  thp 
ratios  which  we  have  in  view,  when  we  confider  infinitely 
fmall  quantities  as  abfolute  nullities,  and  not  thofe  ratios 
^'hich  exift  between  the  quantities  which  are  not  yet  arrived 
at  their  limit,  or  the  term  of  their  annihilation.  Thefe  laft 
quantities,  which  T  have  called  indefinitely  fmall,  are  not 
themfelves  defigned  to  enter  into  the  calculus  confidered  in 
the  prefent  point  of  view;  but  are  only  employed  to  aftift  the 
imagination,  and  to  indicate  the  law  of  continuity  which  de- 
termines the  ratios  and  relations,  whatever  they  may  be^  of 
the  correfponding  evanefcent  quantities. 

According  to  this  hypothefis,  the  quantities  reprcfented  by 
MZ  and  BZ,  in  the  proportion  MZ  :  RZ.-.TP  i  MP,  are 
fuppofed  abfolutely  equal  to  nothing.     But,   as  it  is  their 

ratio  that  is  required,  in  order  to  perceive  it's  equality  to 

TP 

■v^— ,  the  indefinitely  fmall  quantities,  which  anfwer  to  thefe 

nullities,  muft  be  confidered,  not  that  they  themfelves  may  be 
introduced  into  the  calculation,  but  that  the  vanifliing  quan- 
tities, which  are  their  ultimate  values,  may  enter  into  it, 
under  the  denominations  of  MZ  and  RZ. 

45.  Thefe  exprcflions  therefore,  MZ  and  RZ,  here  repre- 
fent  nullities,  and  are  ufed  under  the  forms  of  MZ  and  RZ, 
rather  than  under  the  common  form  o,  becaufe,  if  they  were 
nfed  under  this  laft  form,  it  would  no  longer  be  poflible,  in 
the  operations  wherein  they  are  mixed,  to  diftinguifti  their 
different  origins,  or,  in  other  words,  to  diftinguifh  the  dif- 
ferent 
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ferent  indefinitelv  fmall  quantities  which  anfwer  to  them. 
Now  the  confideration  of  ihefe  laft,  at  lead  mentally,  is  ne- 
ceffary  to  the  apprehenfion  of  the  law  of  continuity,  which 
determines  the  required  ratio  of  the  evanefccnt  quantities 
which  are  their  lirtiits;  and  confequently  it  is  tHentially  ne- 
ceflarv  to  keep  them  in  view,  and  to  chara6lcrizc  them  by 
exprcffions  which  mav  prevent  them  from  being  confounded. 
46.  Evanefcent  quantities,  which  arc  the  fubje<il  of  the 
Infinitefimal  Calculus,  confidered  in  this  new  point  of  light, 
are,  it  is  true,  entia  rationls,  creatures  of  the  underftanding. 
But  this  does  not  hinder  them  from  having  mathematical 
properties,  and  from  being  compared  together,  as  well  as 
imaginary  quantities  in  Algebra^,  which  have  no  better  claim 
to  exiftence.     For  it  is  not  more  certain,  for  example,  that 

60  is  =  20  +  40,  than  that  \^ —  a  is  =  \^ —  b  X  isj  —r- . 

b 

Now  no  perfon  doubts  the  accuracy  of  the  refulls  obtained 
by  the  calculus  of  imaginary  quantities ;  though  they  be 
only  the  algebraic  forms  and  emblems  of  abfurd  quantities. 
With  much  greater  reafon  are  we  prevented  from  reje6ling 
evanefcent  quantities,  whicli  are  at  leaft  the  limits  of  real 
quantities,  and  are  in  intimate  contaSi,  fo  to  fpeak,  with  their 
exiftence.  What  fignifies  it,  indeed.  Whether  thefe  eva- 
nefcent quantities  are,  or  are  not,  chimerical  entities,  if  their 
ratios  be  not  fuch,  and  if  thefe  ratios  alone  interejlus?  When, 
therefore,  we  fubjeft  infinitefimal  quantities  to  calculation, 

•  The  author  might  have  added  po-nts,  lines,  furfaces  and  folids  in 
geometry  j  for  they  too  are  enti-a.  ratio/tis,  wliich  have  no  exiftence  in  ex- 
ternal nature.  Points  are  merely  the  terms  or  limits  of  lines,  lines  of 
furfaces,  and  furfaces  of  folids  j  juft  as  the  prime  ratios  of  nafcent,  and  the 
ultimate  ratios  of  evanefcent.  quantities,  are  the  limits  of  thofe  ratios,  when 
the  quantities  are  confidered  as  beginning,  or  ceafing,  to  be.  Yet  geometry 
relts  on  this  foundation  of  abftradt  entities,  witli  perfecl  fecurity  ;  for  the 
truth  is,  that,  without  abftraft  ideas,  fcience,  JlriSly  fo  called,  cannot 
exift.  And  he  who  can  conceive  a  mathematical  point,  a  mere  abftrafl 
iocus,  a  fomeihin!^  without  parts,  an  entity  truly  one  and  indivifible, 
which,  being  a  creature  of  the  intelieft,  entirely  eludes  the  cognizance  of 
every  ienfe  ;  1  fay  fuch  a  man  will  no  fooner  underftand  Newton's  doc- 
trine of  prime  and  ultimate  ratios,  than  he  will  efteera  it  a  legitimate 
It-undation  of  mati^.ematical  rcafoning. — W.  D. 
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we  have  it  entirely  in  our  power  to  confider  them  cither  aS 
real  quantities,  or  as  ablolute  nullities.  The  difterence  be- 
tween thefe  two  ways  of  confidering  this  queftion,  confilts  in 
this,  that,  by  regarding  evanefcent  quantities  as  nullities,  the 
propofiiions,  equations  and  refults,  whatever  they  may  be, 
are  always  accurate  and  rigorous  ;  but  have  a  reference  to 
quantities  which  are  creatures  of  the  imdcrftanding,  and  ex- 
prefs  the  relations  which  exift  between  quantities  which  do 
not  themfclves  exift  *.  On  the  other  hand,  by  confidering 
infinitely  fmall  quantities  as  having  fome  reality,  the  propo- 
(itions,  equations  and  refults,  whatever  they  may  be,  have 
for  their  fubjecl  real  quantities.  But  thefe  laft  propofitions, 
equations  and  refults  are  falfe,  or  rather  imperfeft,  and  be- 
come exaft  in  the  end  only  in  confcquence  of  the  cohipen- 
fation  of  their  errors,  a  compenfation,  however,  which  is  the 
iieceflary  and  infallible  refult  of  the  operations  of  the  calculus. 

■''  Thus  the  ratios  of  the  ordinal  numbers  (oue,  tivo,  three.  Sec.)  to 
each  other,  while  thofc  numbers  remain  floating,  {o  to  fpeak,  in  indeter- 
minate abflraftion,  and  unapplied  to  any  particular  objcfts  of  fenfe,  may 
be  faid  to  "  eMprefs  the  relations  which  exift  between  quantities  which  do 
not  themlelves  exift.''  Thus  alfo,  if  a  body  be  7:.;/>/'C/?i/ to  fall'from  any 
moderate  height,  its  velocities  at  any  two  points  (refiftance  apart)  will 
have  to  each  other  tb.e  ratio  of  the  iquare  roots  of  the  fpaces  fuppofed  to 
be  defcribcd ;  although  no  body  ever  aBimUy  fell,  or  perhaps  ever  will 
actually  fall,  from  that  prccifc  height.  Thefe  examples,  it  is  hoped,  will 
J^reverit  readers  who  are  not  much  acruftomcd  to  fuch  fpeculations,  from 
rafhly  charging  our  author  with  abfurdity,  in  talking  of  the  relations  be- 
f.veen  quantities  which  d(j  not  themlllves  exift ;  that  is,  which  have  n» 
cxiftence  in  externa!  nature.  For  the  trtuh  is,  and  a  furprifing,  unac- 
countable truth  it  appears  to  many  beginners,  that  the  objefts  of  Pure 
Mathematics,  though  originally  abftrafted,  or  copied,  from  external  ob- 
je6ts,  have  no  exiftence  out  of  the  minds  which  conceive  them ;  and  hence 
proceeds  ail  that  accuracy  fwr  which  thcrfe  fciences  are  jultly  valued.  The 
inaccuracy  of  the  figures,  motionsj  &c.  cf  external  obiedl»  induces  a  corrc- 
fponding  inaccuracy  into  Mixed  Mathematics. — The  inaccuracy  of  lan- 
guage has  an  analogous  efFeft  in  metaphvfics ;  for  reetaphyfical  relations 
and  dedu6lions  may  be  perfcclly  accurate  in  the  vi'nul,  yet  few  of  them 
can  be  adtijuately  and  unexceptionably  exprciTtd,  for  want  of  an  accurate^ 
unambiguous  language.  Hence  the  endiefs  difputes  with  which  men 
unhappily  difpofcd  to  cavil,  and  who  affeit  to  doubt  of  every  thing,  nevei* 
ccafc  to  embroil  that  important,  and.  othcrsviie  not  unpkafant,  region  of 
philofophy — VV.  D. 

47.  The 
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47.  The  theory  which  has  been  thus  expounded  eafily 
furnilhes  aufwers  to  all  the  objeftions  which  have  been  made 
againll  the  Infinilefunal  Analyfis,  the  principle  of  which  fe- 
veral  geometricians  have  thought  faulty,  and  capable  of  lead- 
ins;  to  erroneous  conclufions.  But  thofe  acntlemen  have  been 
overwhelmed,  if  the  expreffion  may  be  allowed,  with  a  mul- 
titude of  prodigies,  and  with  the  fplendour  of  the  numerous 
truths  wherewith  this  principle  has  teemed. 

Thefe  objecSlions  may  be  reduced  to  this.  The  quantities 
faid  to  be  infinitely  fmall,  are  either  abfolute  nullities,  or 
they  are  not ;  for  it  is  ridiculous  to  fuppofe  that  there  exift 
entities,  which  hold  a  middle  place  between  quantity  and 
nullity.  Now  if  thev  are  abfolute  nullities  their  comparifon 
leads  to  nothing,  for  the  ratio  of  o  to  o  is  no  more  a  than  it 
is  b,  or  any  other  quantity  whatever.  If,  on  the  other  hand, 
they  are  not  nullities,  but  real  quantities,  they  cannot  with- 
out error  be  neglected,  as  the  rules  of  the  Infinitefimal  Ana- 
lyfis prefcribe. 

The  anfwer  is  fimple.  So  far  from  its  not  being  logical  to 
ronfider  infinitely  fmall  quantities,  either  as  real  beings,  or 
as  nothings,  they  may,  on  the  contrary,  be  treated  at  plca- 
fnre,  either  as  nullities  or  as  true  quantities.  For  they  who 
wiOi  to  confider  them  as  nullities,  may  anfwer,  that  what  they 
call  infinitely  fmall  quantities  are  not  any  nullities  taken  at 
random,  but  nullities  affigned  by  the  Jaw  of  continuity  which 
determines  their  relation  * ;  that  among  all  the  relations  of 
which  thefe  quantities  are  fufceptible  as  nullities,  they  only 
conlider  thofe  which  are  determined  by  this  law  of  conti- 
nuity ;  and,  in  a  word,  that  thefe  relations  are  not  vague  and 
arbitrary,  becaufe  the  law  of  continuity  does  not  alTign  feveral 
different  relations  between  the  differentials,  for  example,  of 
the  abfciffe  and  ordinate  of  a  curve,  when  thefe  differentials 
vanifli,  but  one  only,  which  is  that  of  the  fubtangent  to  the 
ordinate. 

On  the  other  hand,  they  who  regard  infinitely  fmall  quan- 
tities as  true  ones,  may  anfwer,  that  what  they  call  an  infi- 
nitely fmall  quantity  is  one  which  is  arbitrary  and  independant 
on  the  qualities  propofed  ;  that,  therefore,  without  fuppofing 

*  See  the  'Note  cvi  article  22. 
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it  nothing,  it  may  be  treated  as  fuch,  and  yet  no  error  will 
exift  in  the  refult;  becaufe  that  error,  if  there  were  any, 
would  be  arbitrary,  like  the  quantity  which  occafioned  it. 
Now  it  is  evident,  that  no  fuch  error  can  exift,  except  among 
quantities,  one  of  which  at  leafl:  is  arbitrary.     When,  there- 
fore, Ave  arrive  at  a  refult  containing  no  arbitrary  quantity, 
and  which  exprefles  any  relation  whatever  between  quantities 
given,  and  thofe  determined  bv  the  conditions  of  the  problem, 
we  may  refl:  afTured  that  that  refult  is  accurate  ;  and  that, 
confequently,  the  errors  necetTarily  committed  in  expreffing 
thefe  conditions,  muft  have  been  compcnfated  and  have  dlfap- 
peared,  by  the  necefTary  and  infallible  effects  of  the  operation. 
48.  Other  mathematicians,  apparently  embarraffed  by  the 
objeftion  juft  difculled,  have  fimplv  confined  themfelves  to 
prove,  that  the  Method  of  Limits,  the  procelTes  of  which  are 
rigoroufly  accurate,  in  all  refpe6ls,  mull:  neceffarily  lead  to 
the  fame  refults  as  the  Tnfinitenmal  Calculus.     But,  while  it 
is  agreed  that  the  principle  of  that  method  is  verj'  luminous, 
it  cannot  be  dilTembled,  that  the  difficulty  is  thus  only  elud- 
ed, not  removed  ;  that  the  Method  of  Limits  leads  to  the  fame 
refults  as  the  Infinitefimal  Calculus,  only  by  a  difficult  and 
circuitous  wav ;  and,  in  fine,   that   that  method,  far  from 
being  the  fame  with  the  Infinitefimal  Calculus,   is,  on  the 
contrary,  only  the  art  of  difpenfing  with  this  calculus,  and  of 
fupplying  it  by  ordinary  Algebra.     It  apj)ears  to  me,  that 
they  would  fucceed,  in  a  more  fimple  manner,  by  the  Method 
of  Indeterminates.     But  why  adopt  one  of  thefe  methods  to 
the  exclufion  of  the  reft,  when  they  can  aflbrd  us  their  mutual 
afliflance?  Let  us  then  employ  them  all — the  Infinitefimal 
Calculus,  properly  fo  called,  the  Method  of  Limits,  and  the 
Method  of  Indeterminates,  as  circumfiances  may  require,  and 
let  us  negleft  none  of  the  means  which  can  conduct  us  to 
truth,  or  Amplify  our  refearches. 

It  remains  for  me  to  (liow,  by  fome  examples,  the  applica- 
tion of  the  general  principles,  which  I  have  explained.  This 
I  fhall  do,  by  giving  my  reader  an  idea  of  the  Dlf'erential 
and  Integral  Calculi,  which,  properly  fpeaking,  are  the  Infi- 
nitefimal Analyfis  itfelf  reduced  to  practice. 
[To  be  continued,  j 
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"XI.  Account  of  C.  F.  Damberger's  Travels  through  the 
interior  Parts  of  Africa,  from  the  Cape  of  Good  Hope  to 
Morocco. 

[Continued  from  p.  2 5 3. J 
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N  the  15th  of  December  our  traveller  proceeded  on  his 
journey,  and  after  pafTing  through  three  villages  refled  for 
fome  time  near  a  fourth  under  a  beautiful  matahora  tree  *. 
Here  he  was  vifited  by  fome  of  the  natives,  who  offered  him 
a  piece  of  wolf's  flefh,  which  he  at  firft  refufed  ;  but  finding 
he  could  get  nothing  elfe,  he  ate  it,  and  thought  it  tailed 
better  than  that  of  the  buffalo.  Two  miles  further  he  found 
in  a  wood  a  prodigious  number  of  tortoiies,  w-hich  exciting 
his  appetite,  he  refolved  to  fpend  the  night  there  under  fome 
trees.  He  therefore  made  a  large  fire,  and  roafted  fome  of  the 
flefh  of  thefe  animals,  but  ate  fo  freely,  that  for  fome  time  he 
could  not  deep.  Towards  morning  he  fell  afleep,  but  had 
fcarcely  remained  an  hour  in  that  Hate,  when  he  found  fome- 
thing  move  at  his  feet ;  upon  which  he  ftarted  up,  and  difco- 
vered  a  fnake  three  ells  in  length  and  a  foot  in  thicknefs, 
devourincr  the  remains  of  his  meal.  Being;  much  alarmed  at 
the  appearance  of  this  guefl:,  he  immediately  hafiened  from 
the  fpot  and  continued  his  journey.  Towards  evening  he 
arrived  at  a  narrow  but  long  ridge  of  mountains,  where  he 
relied  for  the  nirrht. 

Next  morning,  when  about  to  depart,  he  heard  human 
voices,  and  foon  after  faw  about  twenty  armed  men,  who 
were  efcorting  a  company  of  prifoners,  coupled  together,  tvi'o 
and  two,  with  thongs.  Some  of  the  former  immiediately 
fprung  towards  him,  andcondutiled  him  to  their  leader,  who, 
after  furveying  him  for  fome  time,  took  a  thong  which  was 
wound  round  his  middle,  and,  having  bound  with  it  his  hands 
and  feet,  ordered  him  to  follow  him.  Towards  noon  thev 
arrived  at  the  large  village  of  Cuojaha,  where  they  rcfted,  and 
procured  a  fupply  of  water.     This  was  the  firft  village  in  the 

•  The  leaves  of  tliis  tree  are  fmall  and  long;  the  branches  hang  down, 
and  the  flowers  are  of  a  reddifli  colour.  The  fruit  are  round,  and  about 
the  (lie  of  a  large  pea ;  they  contain  a  kind  of  mtal  of  an  excellent  talte, 
which  is  fornaed  into  a  (brt  of  cakes  not  inferior  to  bifcuic. 

province 
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province  of  Porguhoniat,  which  in  maps  is  called  Ofila, 
Damberger's  fellow-travellers  belonged  to  this  nation,  and!'^ 
refidcd  at  a  place  half  a  day's  journey  further  to  the  north. 

This  province  lies  at  the  diltance  of  four  days'  journey 
from  the  boundaries  of-ttie  kingdom  of  Congo ;  it  is  exceed- 
ingly fertile,  and  abounds  wiih  produfilions  of  various  kinds. 
The  people  are  warlike,  and  defend  their  territories  with  great 
bravery.     Our  traveller  was  told,  that  they  could  bring  into 
the  field  from  18,000  to  30,000  men  ;  but  he  believes  this 
account  to  be  exaggerated  one  half,  as  the  population  ap- 
peared to  be  only  very  moderate*     This  nation  was  formerly 
fubjc(il  to  the  kino;  of  Bengue'a,  who  procured  from   it  his 
bed  foldlers ;  but  as  th.efe  foldiers  were  often  fold  for  (laves 
when  the  prince  ftood  in  need  of  money,  the  people  rebelled 
in  the  year  1776,  and,  putting  to  death  the  old  kingKhlguan, 
declared  themfelves  independent.     The  fon  of  the  murdered 
king  was  afterwards  placed  on  the  throne  ;  but  in  every  thing 
that  relates  to  public  affairs  he  is  obliged  to  be  guided  by  the 
advice  of  the  oldeft  of  the  inhabitants,  v/ho  are  affigned  to 
him   as    counfcllors.      DiTputes   and  quarrels    among  thcfe 
people  are  fettled  by  the  oldeft  perfons  in  each  family;  and 
the  offending  party,  when  the  caufc  has  been  determined,  is 
punidied  out  of  doors.     Many  of  their  cuftoms  are  Similar  to 
thofe  of  the  neighbouring  nations,  but  they  have  fome  pecu- 
liar to  themfelves.     There  are  fewer  women   here  than   in 
fome  of  the  other  African  nations,  and  it  is  even  not  un- 
common for  two  men  to  have  only  one  wife,  and  yet  to  live 
together  in  perfecl:  harmonv.     The  women  are  highly  re- 
fpeAed,  and  treated  mi:ch  better  than  among  the  furrounding 
nations.     Male  children  immediately  after  birth  are  circum- 
cifed,  and  great  rejoicings  take  place  on  fuch  occafions,  be- 
caufe  boys  are  much  more  valued  than  <nrls.     As  foon  as  a 
child  can  fpeak,  he  is  taught  by  his  grandfather,  or,  if  he  has 
.none,  by  his   father,   to   know  thofe  vegetables   and  fruits 
which  can  be  ufcd  as  food,  and  to  guard  ajjainft  thofe  which 
are   pernicious.     lie  mufl  learn  alfo  to  make  mats  of  long 
grafs,  and,  when  he  becomes  older,   to  take  a  fhare  in  the 
management  of  the  domeftic  concerns  of  the  family  :   his 
•  chief  attention,  h.owever,  is  dire<fted  to  hunting,  in  which  it 
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is  requlfite  that  he  (liould  difiinguini  himfclf  hy  his  boldnds 
and  dexterity.  When  he  kills  ati  elephant,  he  is  no  longer 
clalled  among  the  bovs,  but  confidered  as  having  attained  to 
tlie  rank  of  a  man.  Every  ftranger  not  engaged  in  trade 
with  this  nation  is  confidered  as  a  (lave,  but  he  is  well  treat- 
ed, and  never  afterwards  I'old;  for  thefe  people  deteft  this 
trafHc,  and  endeavour  to  free  from  their  Hate  of  flavery  thuTe 
unfortunate  beings  who  are  deftined  by  other  nations  to  be 
fold.  When  thev  learn  therefore  that  any  flave-dealers  are 
about  to  pafs  through  or  near  their  territories  with  a  cargo  of 
lla,ves,  they  aflenible  in  a  larcje  bodv,  attack  the  ilave-mer- 
chants^  and,  having  delivered  the  ilavcs,  receive  them  as 
members  of  their  nation.  Our  traveller  was  obliged  to  ac- 
company a  party  of  them  op.  an  expedition  of  this  kind,  but 
he  had  the  misfortune  to  he  taken  prifoner.  The  people  by 
whom  he  was  made  captive  were, called  the  Sovians. 

Being  liberated  however  fome  lime  after,  he  continued  his 
journey  on  the  26th  of  February,  1786,  and  on  the  5th  of 
June  tollowing  arrived  at  the  vilhioje  of  Mohakam  on  the 
frontiers  of  the  antient  kingdom  of  Loango,  where  he  pro- 
cured a  guide  who  conduced  him  to  the  town  of  Malemba, 
the  capital  of  the  united  kingdoms  of  Malemba  and  Cacongo. 
This  country  is  about  four  hundred  miles  in  length,  and  two 
hundred  and  forty  in  breadth  ;  it  is  exceedingly  fertile,  and 
abounds  with  vegetables,  minerals,  and  animals  of  various 
kinds  which  are  caught  for  the  fake  of  their  (kins.  The  river 
Bambo  and  the  lake  Samoy  fupply  plenty  of  fifli  and  fhell- 
ti(h.  The  trade  of  this  country  is  exceedingly  advantagc(jus 
to  the  Europeans,  who  for  the  mereft  trifles,  fuch  as  fhclls 
and  bits  of  iron,  often  uct  in  return  the  beft  (kins  and  furs  in 
large  quantities.  Hie  kind's  (landing  army  confilts  of  be- 
tween ten  and  twelve  tho'ifand  men,  who  car>at  any  time  be 
collected  in  the  courfe  of  forty-eight  hours.  The  king  him- 
felf  is  a  good  warrior,  leadt  his  troops  into  the  field  in  perfon^ 
and  is  much  dreaded  even  by  his  more  powerful  neighbours  ; 
whenever  he  goes  abroad  he  is  ufually  attended  by  tuur  of  his 
minifters,  who  are  at  tire  fame  time  officers,  and  twelve  meo 
pf  his  body-guardt 

The  town  is.  furrounded  by  a  wall  oompofed  of  fragments 
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of  rock  and  loofe  ftones,  heaped  together  without  clay  of 
mortar,  and  by  a  ditch.  The  palace  where  the  king  re- 
fides  is  badly  built,  is  one  ftory  high,  and  about  five  hun- 
dred feet  in  circumference.  It  (lands  before  the  water-gate 
on  the  river  Malempo,  towards  the  lake,  and  affords  a  good 
profpe6l.  Our  traveller  faw  planted  near  it  four  three- 
pxmders. 

After  being  expofed  to  various  hardfliips  among  thefe 
people,  our  traveller,  being  fent  out  with  a  party  to  colle6t 
elephants'  teeth,  found  means  to  make  his  efcape,  and  ar- 
rived among  a  people  called  the  Yaganefe,  with  whom  he 
remained  till  the  end  of  the  vear.  On  the  2d  of  December 
iie  again  refumed  his  journey,  and,  crofling  the  Akafi  moun- 
tains, reached  the  territory  of  Mugari.  This  country  isfmali, 
and  thinly  peopled.  The  inhabitants  are  of  low  ftature,  and 
far  from  being  hofpitable  to  ftrangers.  Though  of  fmall  fize, 
they  are  more  expert  in  hunting  the  elephant  than  many  of 
their  neighbours  3  and  from  the  hides  and  teeth  of  thefe  ani- 
mals thev  procure  their  chief  fubfiftence.  The  whole  number 
of  the  inhabitants  does  not  amount  to  more  than  three  thou- 
fand  :  moft  of  them  live  in  caves  of  the  mountains. 

After  palling  through  a  variety  of  fmall  villages  our  tra- 
veller entered  the  kingdom  of  Yukodego  (Monoemugi),  which 
towards  the  eaft  borders  on  Abvffinia.  The  river  Zambece, 
which  at  the  town  of  Yukora  divides  itfelf  into  five  branches, 
traverfes  nearly  the  whole  of  the  country,  and,  at  the  diftance 
of  half  a  day's  journey  from  the  town  of  Zambre,  forms  a 
large  lake,  bearing  the  name  of  that  town.  The  town  of 
Zambre,  which  he  vifited  foon  after,  confifts  of  four  hun- 
dred huts,  and  fifty  or  fixty  houfes.  The  former  are  built  of 
timber  and  ftraw,  the  latter  of  fiones  and  mortar.  The 
town,  which  is  of  a  triangular  (liape,  lies  on  the  right  fide 
of  the  river  Zambre,  has  two  principal  and  three  crofs  (treets, 
and  is  defended  on  one  fide  by  a  wall.  The  houfes,  as  well 
as  the  palace,  are  only  one  ftory  high. 

At  Zambre  our  traveller  was  introduced  to  the  king,  who 
conducted  him  into  what  he  called  his  hall,  where  he  difplayed 
to  him  his  treafures.  They  confifted  of  a  few  wotn  copper 
Coins,  two  looking-glafles,  an  almanack  for  the  year  1743, 

a  few 
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a  few  fliccts  of  printed  paper;  four  fmall  cannons,  fuch  as 
children  have  to  play  with ;  a  few  other  toys,  and  a  wooden 
clock,  which  fccui'jd  to  be  quite  deranged.  The  king 
having,  by  an  interpreter,  cxprefled  great  crmcern  that  the 
clock  did  not  go  as  formerly,  our  traveller,  when  his  ma- 
jeiiy  was  gone,  told  the  interpreter  that  he  would  try  to  re- 
pair it,  if  the  king  gave  him  permiihon.  The  king  alfented  ; 
and  Dambercrer,  though  not  much  acquainted  witii  clock- 
making,  was  fo  fortunate  as  to  fucceed.  When  the  king 
returned  next  dav  he  was  much  furprilcd,  and  began  to  en- 
tertain a  vv^ry  high  idea  of  a  man  who  had  been  able  to  cflecl 
what  exceeded  the  ll<^ill  and  ability  of  the  moft  ingenious  of 
his  fubjects.  From  that  moment  our  traveller's  confequeuce 
continually  incrcafed ;  he  receive<l  the  fame  victuals  as  were 
vjfed  by  the  king,  accompanied  him  every  where,  and,  by 
means  of  this  privilege,  had  an  opportunity  of  getting  a 
complete  view  of  the  lake  of  Zanibrc,  when  the  king  went 
thither  to  fee  the  people  employed  there  in  fowling  and  fifh- 
ing.  This  lake  is  in  length  three  full  days  jo'.irney,  and  is 
interfperfed  with  about  forty  fmall  iflands,  frequented  by  in- 
numerable flocks  of  birds.  It  is  of  an  oval  form,  and  about 
half  a  day's  journey  in  breadth.  The  king  keeps  here  a 
guard  of  two  hundred  men  to  take  care  that  the  fowling  and 
fiflnng  are  properly  conducted  for  his  majelty's  advantage; 
but  our  traveller  was  told  that  thefe  people  drefs  for 
themfelves  the  bed  of  the  fowls  and  the  fi(h  that  are 
caujiht. 

After  fpending  five  months  at  this  place,  Bamberger,  hav- 
ing obtained  the  king's  leave  to  depart,  continued  his  journey 
on  the  28th  of  May  1787,  and  on  the  nth  of  June  arrived 
at  the  firft  frontier  huts  of  the  Moohatans ;  a  numerous  and 
warlike  nation,  who  inhabit  a  tracl  of  land  belonging  to  the 
kingdom  of  IMoncemugi,  and  fubjecl:  to  it:^  fovereign.  As 
the  rainy  feafon  had  now  commenced  in  this  part  of  the 
country,  he  was  obliged  to  remain  fome  time  under  very 
unfavourable  circumftances  at  ihe  village  of  Mytob,  from 
which  he  fet  x)ut  on  the  19th  of  July,  in  company  with 
fome  travellers  from  the  country  of  Moir.'guejos,  lying 
eaftward  of  the  kingdom  of  Monoenmgi,  who  \\  ere  going 
to  the  kingdom  of  Oloba  to  fetch  fait.  After  croHing  the 
Vol.  \  III.  3  A  river 
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river  Druma,  and  afcending  a  high  mountain  to  the  wed, 
he  arrived  among  a  penj.le  called  the  Mophanians,  who 
dwell  in  caves,  and  by  whom  he  was  well  received.  The 
king  of  this  country  is  an  abfoKiie  fovereign,  and  poflTeflTes  a 
traft  of  territory  ten  days  journey  in  length  from  weft  to  eaft, 
and  fcven  in  hreadih  from  north  to  fouth.  Of  the  various 
kinds  of  frui'.-trecs  foimd  here,  the  moil  remarkable  are  the 
domo  and  the  inkobak.  'I'he  former  hears  a  kind  of  apples 
without  pips,  of  the  fize  of  a  hen's  egg,  having  a  golden 
colour,  and  a  tafte  like  that  of  lemons.  It  grows  on  the 
niountaius,  has  long,  narrow,  fliarp-pointtd  leaves,  and  at- 
tains to  the  height  of  the  cherry-tree.  The  bark  refembles 
that  of  the  cinnamon-tree,  and  is  prcferved  along  with  the 
fruit,  and  ufed  all  the  year  through  as  a  corroborant.  The 
inkohak  tree  bears  a  fruit  of  the  nut  fpecies  as  large  as  an 
egg:  it  is  of  an  oblong  form,  and  has  a  red  hnfk,  which  in 
ill  probability  would  afford  a  good  colour  for  dyeing.  Our 
traveller  obferved  that  the  earthen-ware  ufed  by  the  inhabit- 
ants was  dyed  with  it,  and  that  it  retained  its  beauty  even  in 
the  fire.  The  nut  itfelf  Is  white,  and  taftes  like  cinnamon. 
The  tree  is  as  large  as  the  oak,  and  all  the  year  through  bears 
fruit  and  bioiroms  at  the  fame  time. 

After  leaving  inefe  people,  our  author  profocuted  his  journey 
through  the  villages  of  Ohgotheu,  Uhroh,  and  Mato,  to 
Ocymoro,  the  rcfidence  of  the  king,  where  he  was  placed 
among  the  royal  ilavcs ;  but,  finding  means  to  efi'eA  his 
efcape  acrofs  the  fiuidy  deferts,  he  alcended  the  Mountains 
of  the  Moon,  and  arrived  in  the  territories  of  the  Voma- 
hanians.  Thcfe  people  he  found  hofj)itable  and  good  tem- 
pered; they  prefented  him  with  tiger's  flcfli,  which  he  had 
never  before  tafttd,  and,  having  directed  him  what  courfe  to 
proceed,  wifhcd  him  a  profperouf  journey.  He  now  directed 
his  courfe  northwards  acrofs  Dahainta  to  the  kingdom  of 
Vohvagtam  ;  and  falling  in  with  fomc  travelling  negroes, 
who  called  tliemfelves  'I'aomuh,  he  puriucd  his  journey  in 
their  company  as  far  as  the  firft  huts  on  the  frontiers  of  Ba- 
hura.  On  the  19th  of  November  he  fet  out  with  a  caravai^ 
bound  to  V'ar.gara,  by  the  wav  of  Vac!g;ivu,  Yomy,  Sec; 
but,  not  being  able  to  bear  the  fatigue  of  riding,  he  was  left 
on   the   roud,  and  fLJl   fiek.     On   iiis  recovery,  which  took 
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place  foon  after,  he  proceeded  back  again  to  Vandoka,  and 
Bahahara  the  capital,  where  he  was  detained  for  a  (li(^ri  time 
as  a  flave ;  but  having  repaired  fome  of  the  king's  weapons 
he  obtained  his  hberiy,  and  travelled  in  the  fuite  of  the  king 
to  Kahoralho. 

[To  he  continued.] 

XI I.  Obfervatlons  on  the  Effcds  zublch  take  place  from  the 
Dijhudion  of  the  AIe?nhra?ia  Tjmparii  of  the  Ear.  By 
Mr.  AsTLEV  Cooper.  In  a  Letter  to  Everard 
Home,  Ef^.  F.R.S.   hy  whom  fome  Remarks  are  added*. 


A- 


DEAR   SIR, 


.T  the  lime  von  were  cno[a<red  in  the  inve(li";atlon  of  the 
ftruclure  and  ufes  of  the  membrana  tympani,  you  mentioned 
a  wifli  to  alctrtain  the  effeel  a  rupture  of  that  membrane 
would  have  uijon  hearincr.  I  now  fend  you  fomc  obferva- 
tions  on  that  rubjecl,  which,  if  vou  think  them  of  fufficient 
importance,  you  will  do  n;e  ihe  honour  of  prefeniing  to  the 
Roval  Society.  I  am,  £cc. 

ASTLEY  COOPER. 

Anatomists  have  endeavoured  to  afcertaiu,  by  experi- 
ments on  quadrupeds,  the  lols  of  power  which  the  organ  of 
hearing  would  fuftain  by  perforating  the  membrana  tympani : 
dogs  have  been  made  the  fubject  of  thrfe  trials:  but  the  re- 
fuhs  have  been  neither  clear  nor  falisfaclorv,  and  they  accord 
but  little  with  the  phasnomena  I  am  about  to  relate. 

Mr.  Chefelden  had  conceived  the  defign  of  making  the 
human  organ  itfelf  the  iubjecl  of  dire^l  experiment ;  and  a 
condemned  criminal  was  j)ardoned,  on  condition  of  his  fub- 
mitting  to  it ;  but  a  popular  outcry  being  raiftd,  it  was 
thought  proper  to  relincjuiih  the  idea. 

Though  denied  the  aid  of  experiment,  we  are  not  without 
the  means  of  obtaining  knowledge  upon  fuch  iiihie6l>;  fince 
the  changes  produced  by  diicale  frequently  lurniHi  a  clue 
which  is  equally  iati>faclory. 

It  ofleu  happens,  that  fume  parts  of  an  organ  are  dellroyed 
*"  1  rvMu  the  TiwJiC^Joii!  of  the  Ro.ii!  So,  ii',j  Jf>r  iSoo. 
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by  difeafe,  whirft  others  are  left  in  their  natural  ftate;  and 
hence,  by  the  powers  retained  bv  fuch  organ,  after  a  partial 
de(tru(!'l:ion,  we  are  enabled  to  judge  of  the  fiinftions  per- 
formed by  thoie  parts  when  the  whole  was  in  health. 

(jiiided  b^'  this  principle,  I  have  made  the  human  ear  the 
fubjecl  of  obfcrvatit)n,  and  have  endeavoured  to  afcertain  the 
degree  of  lofs  it  fuftains  in  its  powers  by  the  want  of  the 
membrana  tympani;  a  membrane  which  has  been  generally 
confidered,  from  its  {iluatk)n'  in  the  meatus,  and  its  connect 
tiou  with  the  adjacent  parts  by  a  beautiful  and  dehcate  Itruc^ 
lure,  as  efTentially  neceffary  to  the  fenfe  of  hearings  but 
which,  as  appears  by  the  following  obi'ervations,  may  be 
loft,  with  little  prejudice  to  the  functions  of  the  organ. 

Mr.  P — ,  a  medical  ftudcnt  at  Sr.  Thcrmas's  hofpital, 

of  the  aire  of  twenty  years,  apphed  to  me,  in  the  winter  of 
7  797,  while  he  was  attending  a  courfc  of  anatomical  k-ctures, 
requefting  my  opinion  upon  the  nature  of  a  complaint  hi  hi* 
ear,  which  had  long  rendered  him  flightly  deaf. 

Upon  rixjuirsng  into  the  nature  of  the  fymptoms  -uhicti 
had  preceded,  and  of  thofe  which  now  accompanied  the 
difeafe,  he  informed  me,  that  he  had  been  (abjecl  from  his 
infancy  to  pains  in  the  head,  ami  was  attacked,  at  the  age 
of  ten  years,  v/ith  an  inflammation  and  fuppuration  in  the 
left  ear,  which  contir>ued  difcharging  matter  for  fevera^l 
weeks:  in  the  fpace  of  about  twelve  luoiilhs  after  the  firft 
attack,  fvmptonis  of  a  frmilar  kind  took  place  in  the  right 
ear,  from  which  alfo  matter  rflTued  for  a  confrderabie  time, 
The  difcharge  in  each  inflance  was  thin,  and  extremely  of- 
fcnfive  to  the  fmell ;  zntl,  in  the  matter,  bones  or  pieces  of 
bones  were  obfervable.  The  in>mcdrate  confequence  of  thefc 
attacks  was  a  total  deafnefs,  which  continued  for  three 
months;  the  hearing  then  began  to  return,  and,  in  about 
ten  months  from  the  laft  attack,  was  rcllored  to  the  ftate  in 
\vhich  it  at  prcfent  remains. 

Havinc;  thus  defcribed  the  d^feafe  and  its  fymptoms,  he 
gave  me  fhe  following  fatisfartory  proof  of  each  membrana 
tvmpani  being  imperfect.  H.-'.ving  tilled  his  mouth  whh  air, 
he  clofed  the  noftrils  and  contrarted  his  checks:  the  air, 
thus  compreffed,  was  heard  to  rufh  through  the  meatus  au- 
di tori  us^ 
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ditoriiis  with  a  whidling  noife,  and  the  hair  hanging  from 
the  tctni)lcs  became  agitated  bv  the  current  of  air  which  iflhed 
from  the  ear.  To  determine  this  with  greater  precifion,  I 
called  for  a  lighted  candle,  which  was  applied  in  turn  to  each 
ear,  and  the  llame  was  agitated  in  a  fimilar  manner.  Struck 
with  the  novelty  of  thefe  ph^enomena,  I  wiflied  to  have  many 
witneflcs  of  them,  and  therefore  requefted  him,  at  the  con- 
ckifion  of  the  lefture  upon  the  organ  of  hearing,  to  exhibit 
them  to  his  fellow  (ludentsj  with  which  requeil  he  was  fc> 
obliging  as  to  comply. 

It  was  evident  from  thefe  experiments,  that  the  membrana 
tvmpani  of  each  ear  was  incomplete,  and  that  the  air  iifued 
from  the  mouth,  by  the  Euftachian  tube,  through  an  open- 
ing in  that  membrane,  and  efcapcd  by  the  external  meatus. 

To  determine  the  degree  in  which  the  membrana  tvmpani 
had  been  injured,  I  palfcd  a  probe  into  each  ear,  and  found 
that  the  membrane  on  the  left  Ikie  was  entirely  dcftroyed  ; 
fmce  the  probe  ftruck  againil  the  petrous  portion  of  the  tem- 
poral bone,  at  the  interior  part  of  the  tympanum,  not  by 
palling  through  a  fmall  openings  for,  after  an  attentive  exa- 
mination, the  fpace  ufually  occupied  by  the  membrana  tvm- 
pani was  found  to  be  an  ai>erturc,  without  one  trace  of  men^- 
brane  remainrng. 

On  the  right  fide,  alfo,  a  probe  could  be  palTed  Into  the 
cavity  of  the  tympanum ;  but  here,  by  conducing  it  along 
the  (ides  of  the  meatus,  fome  remains  of  the  circumference 
of  the  membrane  could  be  difcovcred,  with  a  circular  open- 
ing in  its  centre,  about  the  fourth  of  an  inch  in  diameter. 

From  fueh  a  deftru(Slidii  of  this  membrane,  partial  indeed 
in  one  ear,  but  complete  in  the  other,  it  might  be  expected 
that  a  total  annihdation  of  the  powers  of  the  org-an  would 
have  followed  :  hut  the  deafnefs  was  inconfiderable.  Tbis 
gentleman,  if  his  attention  were  exerted,  was  capable,  when 
in  company,  of  hearing  whatever  was  faid  in  the  ufual  tone 
of  coiivcrlation  ;  and  it  is  worthy  of  remark,  that  he  could 
hear  with  the  left  tar  better  than  with  the  right,  though  in 
the  left  no  traces  of  the  membrana  tvmpaui  could  be  per- 
ceived. 

When  attending  the  anatomical  kdure?^  alfo^  he  conld 
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hear,  even  at  the  niofl  diftant  part  of  the  theatre,  every  word 
that  was  delivered ;  though,  to  avoid  the  regular  and  con- 
flam  exertion  which  it  required,  he  preferred  placing  himfelf 
near  tixe  leilurcr. 

T  found,  however,  that  when  a  note  was  ftruck  upon  the 
pianoforte,  he  could  hear  it  only  at  two-thirds  of  the  dif- 
tance  at  which  1  could  hear  it  mvfclf ;  and  he  informed  me^ 
that  in  a  voyage  he  had  made  to  the  Eaft  Indies,  while 
others,  when  Ihips  were  hailed  at  fea,  could  catch  words 
with  accuracy,  his  organ  of  hearing  received  only  an  iri- 
diftincl  iuiprelfion.      But  the  moil   extraordinary   circuni- 

llance  in  Mr.  P 's  cafe  is,  that  the  ear  was  nicely  fuf* 

ceptible  of  niLifical  tones;  for  he  played  ^udi  an  the  Jlute^ 
and  had  frequently  home  a  -part  in  a  concert.  I  Ipcak  ihis, 
Hot  from  his  own  authority  only,  but  alfo  from  that  of  his 
father,  who  is  an  excellent  judge  of  nuific,  and  plays  well 
on  the  violin:  he  told  me,  that  his  fon,  hefides  playing  on 
the  flute,  limg  with  much  taftc,  and  perfe£lly  in  tune. 

The  flight  degree  of  deafnefs  of  which  Mr.  P.  complained, 
u-as  always  greaily  increafed  by  his  catching  cold  :  an  elfect 
which  fecms  to  have  arifen  from  the  meatus  being  clofed  by 
an  accumulation  of  the  natural  fecretion  of  the  car;  for  it 
frequently  happen'.u  to  him,  after  he  had  been  fonse  time 
deal  troni  cold,  that  a  large  piece  of  hardened  wax,  during 
a  fit  of  coughing,  was  forced  from  the  ear,  by  the  air  rulhing 
from  the  month  through  tlic  Euftachian  tube,  and  his  hear- 
ing was  inftantly  reltored. 

From  batliing,  likewile,  he  fuilcrcd  confiderable  inconve* 
nience,  unlcfs  his  ears  were  guarded  againft  the  water,  by- 
cotton  being  previoully  forced  into  the  meatus.  When  this 
J^recaution  was  neglcited,  the  water,  as  iie  plunged  in,  by 
ru(hing  into  ihe  interior  j)arts  of  the  ears,  occafioncd  violent 
pain,  and  brought  on  a  deafuefs,  which  continued  until  the 
catile  was  reuKjved,  that  is,  until  the  water  was  difcharged  : 
but  he  had  actuilred  the  habit  ol  removing  it,  by  forcing  air 
from  llie  niouih  tbroirgh  llie  car. 

In   a   healiby  ear.   when  the  meatus  auditorium  is  ftoppcd 

by  the  (in'icr,  or   is  oilierwile  doled,  a  noife  fimilar  to  that 

gl  a  difiaiii  loariiig  (;f  ihc  ft.u  i«  producid  ;   ibia  arilcs  fnun 
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tlie  air  in  the  mcatir>  being  comprefled  upon  the  menibrana 
tvinpani.  In  the  cafe  here  ddcribctl,  no  fiich  fcnfalion  was 
{)r()cluccd :  for,  in  Mr.  P.'s  ear,  the  air,  meeting  with  no 
impediment,  could  fuifer  no  comprcflion  ;  fince  it  found  a 
palfage,  through  the  open  membrane,  to  the  mouth,  by 
means  f)f  the  Eudachian  tube. 

IVIr.  P.  was  liable  to  the  fenfation  commonly  calkfl  the 
terth  hting  en  eJgr,  in  tlic  fame  degree  as  it  exifts  In  others ; 
and  it  was  produced  by  iimibir  acute  lounds,  as  by  the  filing 
of  a  faw,  the  rubbing  of  filk,  &c.  Its  occurring  in  him 
feenis  to  difprove  the  idea  which  ha<  been  entertained  of  its 
caufe;  for  it  has  been  thooght,  that  the  clofe  coimeClion  of 
the  nerve  called  the  corda  tympani  with  the  membrana  tym- 
pani,  cxpofed  it  to  be  afi'ected  bv  the  motions  of  the  malleus  ; 
and  that,  as  it  pafles  to  nerves  conncclcd  with  the  teeth, 
they  would  fufi'er  from  the  vibratorv  ftatc  of  the  nerve,  pro- 
duced bv  the  agitations  of  the  membrane.  But,  in  this  cafe» 
as  the  membrane  was  entirely  dellroyed  on  that  fide  on  which 
the  fenfation  was  produced,  fome  other  explanation  nnill  be 
reforted  to;  and  I  fee  no  reafon  why  this  eflVcl  thould  not 
be  referred  to  that  part  of  the  auditory  nerve  which  lines  the 
labyrinth  of  the  ear,  which,  being  imprefTed  by  acute  and 
difagreeable  founds,  would  convey  the  imprellion  to  the 
portio  dura  of  the  fame  nerve,  and  to  the  teeth  with  which 
that  nerve  is  connee^ed. 

'i'hc  external  ear,  though  two  diftinft  mufcles  are  infcrted 
into  it,  is  capable,  in  its  natural  ftate,  of  little  motion:  how- 
ever, when  an  organ  becomes  imperfeft,  every  agent  which 
can  be  employed  to  increafe  its  powers  is  called  into  a6lion  ; 
and,  in  the  cafe  here  deieribed,  the  external  ear  had  acquired 
a  dillin6t  motion  upward  and  backward,  which  was  obfcrv- 
ahle  whenever  Mr.  P.  lit^ened  to  anything  which  he  did  not 
di(tin(5lly  hear.  This  power  over  the  nmlcles  was  fo  great, 
that  when  defired  to  raife  the  ear,  or  to  draw  it  backwards, 
he  was  capable  of  movino;  it  in  either  direolion. 

This  cafe  is  not  the  only  one  of  this  defcription  which  has 
pome  under  mv  obicrvation  ;  for  another  gentleman,  Mr.  A., 
applied  to  me  under  a  fiaiilar  complaint,  (but  in  one  ear 
only,)  proceeding  from  fuppuration,  aiid  producing  the  fame 

effeas. 
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eQl'Cts.  This  gentleman  has  the  fame  power  of  forcing  air 
through  the  imporfeft  ear;  fuffers  equally  frc-ni  bathing,  if 
the  meatus  auditorius  be  unprotecled  ;  and  feels,  even  from 
expofure  to  a  ftream  of  cold  air,  verv  confiderable  pain.  The 
only  difTerence  I  could  obferve  was,  that  in  Mr.  A.'s  cafe, 
the  deftft  of  hearinn;  in  the  difeafed  oroan  was  fomcwhat 
greater  than  in  the  former;  for  though,  when  his  found  car 
\yas  clofed,  he  could  hear  what  was  laid  in  a  common  tone 
of  voice,  yet  he  could  not  diftinguifli  the  notes  of  a  piano 
forte  at  the  fame  diftance  :  a  difference  which  micr-ht  have  in 

c 

part  arifcu  from  the  confufed  noife  which  is  always  produced 
by  clofing  the  found  ear ;  or  bccaufe,  as  he  heard  well  on 
one  fide,  the  imperfed  ear  had  remained  unemployed,  and 
confequcnily  had  been  enfeebled  bv  difufe. 

From  thefe  obfervations  it  feems  evidently  to  follow,  that 
the  lofs  of  the  membrana  tympani  in  both  ears,  far  from 
prodiicuig  total  deafnefs,  occafions  only  a  flight  diminution 
of  the  powers  of  hearing. 

Anatomifts  who  have  deftroyed  this  mcuibrnne  in  dogs 
have  afierted,  that  at  firft  the  efleft  on  the  fenfe  of  hearing 
was  trivial  ;  but  that,  after  ihe  lapfe  of  a  few  months,  a  total 
deafnefs  enfucd.  Baron  Haller  alio  has  liiid,  that  if  the 
membrane  of  the  tvmpanum  be  broken,  the  peifon  become* 
at  lirft  hard  of  hearing,  and  afterwards  perfedly  deaf.  But, 
in  tliele  inilanccs,  the  deftruAion  inuft  have  extended  further 
than  the  membrana  lympani ;  and  the  lahvrinth  mull  have 
fuffered  from  the  roiiioval  of  the  ftapes,  and  from  the  confc- 
quent  difcharge  of  water  contained  in  the  cavities  of  the  in- 
ternal car ;  for  it  has  been  very  conftanlly  obferved,  that 
when  all  the  fmall  bones  of  the  ear  have  been  difcharged,  a 
total  deafnefs  has  enfued. 

It  is  probal)ie,  that  in  inftanccs  in  which  the  membrana 
tympani  is  deftroyed,  the  fundtions  of  this  membrane  have 
been  carried  on  by  the  membranes  of  the  feneftra  ovalis  and 
feneftra  rotunda:  for,  as  they  are  placed  over  the  water  of 
the  labyrinth,  they  will,  when  agitated  by  the  imprcflions  of 
fpund,  convey  their  vibrations  to  that  fluid  in  a  fimilar  man- 
jipr,  though  in  fomewhat  an  inferior  degree,  to  thofe  which 
arc  coiiveveJ  by  means  of  the  membrana  tvmpani  and  the 
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fmall  bones  which  are  attached  to  it ;  and  thus,  in  the  organ 
of  hearing,  each  part  is  admirably  adapted,  not  only  to  the 
purpofe  for  which  it  is  defigned,  but  alfo  as  a  provifion 
againrt  accident  or  difeale  ;  fo  that,  whenever  any  particular 
part  is  dellroyed,  another  \i  fubftituted  for  it,  and  the  orgajj, 
from  this  deprivation,  futfers  but  little  injury  in  its  functions. 
It  fecms  that  the  principal  ufe  of  the  membrana  tympani 
is,  to  modify  the  inipreflions  of  found,  and  to  proportioa 
them  to  the  powers  and  expectation  of  the  organ.  Mr.  P. 
had  loft  this  power  for  a  confiderable  period  after  the  deftrnc- 
tion  of  the  membrane ;  but,  in  procefs  of  time,  as  the  ex- 
ternal ear  acquired  the  additional  niotioiis  I  liave  defcribed, 
founds  were  rendered  ftronger  or  weaker  by  them.  When, 
therefore,  he  was  addrefled  in  a  whifper,  the  ear  was  feen 
innnediately  to  move  ;  but,  when  the  tone  of  voice  was 
louder,  it  then  remained  altogether  motionleis. 

f^oyne  addit'ioncil  Remarks,  on  the  Mode  of  Hearvig  in  Cafes 
ivhere  the  Membrana  Tympayii  has  been  dfiroyed.  By 
EvERARD  Home,  E/^. 

After  having  communicated  to  this  learned  Society  the 
very  carious  fa6ts  contained  in  Mr.  Cooper's  paper,  which 
prove  that  the  organ  of  hearing  is  capable  of  receiving  ail 
the  different  impreffions  of  found,  when  the  membrana 
tympani  has   been  deftroycd,    it  may  not   be   improper  to 

'  explain,  from  the  obfervations  contained  in  a  former  paper 
on  this  fubjeft,  in  what  manner  this  may  take  place. 

It  is  there  ftated,  that  any  vibrations  communicated  di-  . 
reftly  to  the  bones  of  the  fkull,  are  as  accurately  imprefled 
upon  the  organ,  as  through  the  medium  of  the  membrana 
tympani.  The  office  of  that  membrane  is  therefore  to  afford 
an  extended  furface,  capable  of  receiving  impreffions  from 
the  external  air,  and  of  communicating  them  to  the  fmall 
bones  of  the  ear;  which  a  membrane  would  be  incapable  of 
doing,  unlefs  it  had  a  power  of  varying  its  tenfion,  to  adapt 
it  to  different  vibrations. 

In  the  above  cafes,  in  which  this  membrane,  the  malleus, 
and  the  incus,  had  been  deftroyed,  it  would  appear  that  the 
{lapes  was  a6led  upon  by  the  air  received  into  the  cavity  of 
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the  tympanum,  and  communicated  the  iniprcffions  imme- 
diately to  the  internal  organ.  This  not  happening  for  fomc 
months  after  the  membrane  was  dcftroycd,  probably  arofe 
from  the  inflammation  of  the  tympanum  confining  the 
ftapes,  and  rendering  its  vibrations  imperfeft. 

That  founds  can  be  communicated  with  accuracy  by  the 
bones  of  the  fkull  to  the  internal  organ,  when  received  from 
folid  or  liquid  fubftances,  has  long  been  well  underftood. 

That  the  membrana  tympani  is  incapable  of  perfetlly 
anfwering  this  purpofe,  w-hen  founds  are  propagated  through 
air,  has  been  a  generally  received  opinion  ;  to  refute  which, 
was  the  obje£l  of  my  former  paper.  That,  in  cafes  in  which 
the  membrana  tympani  has  been  deftroyed,  the  air  is  ca- 
pable of  acling  with  fufficient  force  upon  the  Ilapcs  to  com- 
municate vibrations  to  it,  and  to  produce  on  the  internal 
organ  the  necelTary  effe6t  for  perfc6l  hearing,  is  completely 
afcertained  by  Mr.  Cooper's  obfervations. 
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Aecount  of  Jhme  of  the  Properties  of  the  7ie-w  Earth  it 
contains.     Bv  C.  Vauguelin  *. 
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HE  number  of  fimple  bodies,  and  particularly  that  of 
earths,  has  been  greatly  increafed  within  a  few  years  paft; 
and  if  chemiftry  go  on  ftill  thus  advancing,  it  is  to  be  appre- 
hended that  the  time  may  arrive  when  the  human  mind  will 
not  be  ablfe  to  embrace  all  the  combinations  produced  by  the 
multitude  of  limple  bodies. 

But  the  analogy  which  exifts  between  certain  clafTes  of 
natural  fubftances,  gives  chcmifts  reafon  to  fufpe£l  that  they 
contain  a  common  generating  principle,  and  affords  them  a 
hope  that  fome  fortunate  chance,  or  an  experiment  made  by 
fome  man  of  genius,  will  reduce  them  all  to  one  fingle  kind, 
either  by  dilengaging  them  from  thofe  principles  which  efta- 
blifli  differences  between  them,  or  by  combining  thefe  fame 
elements  to  thofe  which  are  fimple. 

*  From  tlic  Annala  tie  Chim.'e,  No.  107. 

Till 


called  the  Gaaollnite,  ^6y 

Till  chemical  means  arc  brought  to  that  degree  of  perfec- 
tion, we  mull  make  known  thofe  bodies  which,  on  account 
of  their  peculiar  properties,  we  cannot  refer  to  any  of  thofe 
akeady  known,  and  which,  till  a  new  order  be  cllabliflicd, 
we  are  obliged  to  confider  as  new  fubftanccs.  An  attentive 
examination  of  their  properties  is  of  great  importance ;  for, 
even  though  they  may  be  only  modifications  of  bodies  al- 
ready known,  it  may  happen,  of  which  we  have  many  in- 
ftances,  that  their  qualities  may  become  ufeful  to  the  arts 
and  to  manufactures,  and,  in  any  event,  it  is  better  to  err 
through  excels  than  deficiency. 

With  this  view  I  fliall  here  defcribe,  with  fome  details, 
the  properties  of  a  new  earth  difcovered  by  M.  Gadolin,  and 
which  has  been  examined  by  M.  Ekcberg  under  new  points 
of  view. 

I  fliall  firft  give  a  fliort  defcription  of  the  ftone,  and  then 
explain  the  diHcrent  proceffes  which  I  employed  to  analyfe 
it;  and  fliall  conclude  with  indicating  the  principal  proper- 
ties that  charaClerife  the  new  earth  it  contains.  The  greater 
part  of  the  obfervations  I  fliall  make  on  this  fubje<Sl,  may 
have  been  already  publiflied  by  the  chemifls  above  men- 
mentioned  ;  but  their  works  being  not  much  known,  I  have 
thought  it  my  duty  to  aA  in  this  manner,  that  the  prefent 
difcovery  may  be  better  propagated, 

I  fliall,  however,  repeat  what  has  been  communicated  to 
tnc  by  M.  Manlhev,  profeflbr  of  chemiftry  at  Copenhagen, 
to  whom  both  Haiiy  and  I  are  indebted  for  a  large  quantity 
of  matter  containing  this  new  earth*. 

In  1794,  M.  Gadolin  difcovered  this  earth ;  and  his  la- 
bour on  the  fubjecl  was  printed  in  the  Memoirs  of  the  Aca- 
demy of  Sweden,  and  in  Crell's  Chemical  Annals  for  the 
year  1796.  M.  Ekcberg,  about  two  years  ago,  began  an 
analyfis  of  the  fame  ftone,  and  confirmed  the  refults  of 
M.  Gadohn.  To  the  new  earth  he  gave  the  name  of 
Ytir'ia,  from  Ytterley,  a  place  in  Sweden,  where  it  is  found. 
A  fliort  mention   of  it  was  made  alfo   in  the  Annales  de 

^  ProfcfTor  Abil-Jgaard,  alfo,  lias  had  the  goodncfs  to  fend  me  a  pretty 
large  qu.iniity  of  this  ftone,  which  enabled  me  to  vary  my  experiments, 
and  to  diicover  the  charaflerifing  properties  of  the  new  earth  it  contains. 

3  B  3  Chm'ie, 
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Chtm'ic,  No.  loo.     This  earth,  according  to  him,  exifts  in 
the  gadolinite  in  the  proportion  of  0*47 

Accompanied  by  filex         —         0"35 
Oxyd  ofiron  —  —  o*i8 

Alumine  —  —  0*04 

He  dcfcribes  alfo  fome  of  the  properties  poflefl'ed  by  this 
new  earth  when  freed  from  all  the  bodies  united  to  it  in  the 
ftone,  and  which  arc  as  follows : — "  All  its  combinations 
with  acids  have  a  fweet  tafte  like  that  of  the  falts  of  lead, 
but  a  little  more  afiringent;  with  the  fulphuric  and  acetic 
acids  it  forms  cryftaUifable  faits  which  do  not  change  in  the 
air;  with  nitric  acid  it  gives  a  radiating  mafs,  and  with  the 
muriatic  acid  nothing  that  can  cryftallife. 

Charadcrs  of  the  Stone. 

ift,  This  fubilance  has  a  black  colour,  and  its  daft  is  of  a 
blackifli  gray. 
-  ad,  Its  fratture  is  abfokitely  vitreous,  like  that  of  glafs. 

3d,  Its  fpecific  gravity,  afcertained  by  Haiiy,  is  4-0497. 

4th,  It  makes  the  magnetic  needle  move  in  a  fenfible 
manner. 

5th,  When  expofcd  to  the  blow-pipe,  it  fplits  into  fmall 
fraofuients,  which  fly  to  a  considerable  diftance  in  bright  red 
fparks,  which,  when  they  detach  themfelves,  produce  a  ftrong 
crackling  noife.  What  remains  of  the  (lone  has  agrayifh- 
white  colour,  and  does  not  fufe  completely. 

6th,  When  heated  with  borax  it  fufes,  and  communicates 
to  that  fait  a  yellow  colour  inclining  to  violet. 

7th,  A  hundred  parts  of  this  fubliancc,  expofcd  to  heat  in 
a  platina  crucible,  lofe  eight  parts  of  their  weight,  and  the 
matter  alTumes  an  ochrv  red  colour.  If,  from  the  quantity 
of  iron  it  contains,  we  cftimate  the  oxygen  it  mull  abforb  by 
the  operation,  we  fliall  find  that  it  has  loll  about  11  pc7-  cent. 

Phanomena   which    the   Gadolinite  exhibits   xvith  the 
Mineral  Adds. 

The  gadolinite  (it  is  by  this  name  T  fliall  dillingulfli  this 
flone  in  the  courfeof  this  memoir,)  is  attacked  by  the  power- 
ful mineral  acids,  fuch  as  the  fulphuric,  the  nitric,  and  the 
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Tinirlallc ;  and,  if  their  a6lion  be  afTiftcd  by  a  gentle  heat, 
ihey  form  a  thick  jellv  of  a  grayilh  or  yellowilh  cohuir. 
If  this  kind  of  jcilv  be  then  evaporated  to  drynefs,  and  the 
refiduum  of  the  evaporation  be  walhed  in  water,  you  will 
obtain  filex  under  the  form  of  a  white  powder,  which,  when 
well  wafhed  and  brought  to  a  red  heat,  gives  by  its  weight 
the  proportion  in  which  it  exills  with  the  other  principles. 

The  folutions  of  gadolinite  in  acids  do  not  all  exhibit  the 
fame  phaenomena  by  evaporation.  The  fulphuric  and  mu- 
riatic acids  retain  the  iron  and  the  new  earth  in  combina- 
tion, and  nothing  but  the  (ilex  is  feparated ;  while,  on  the 
contrary,  the  nitric  acid  abandons  at  the  fame  time  the  filex 
and  the  oxyd  of  iron,  which  may  be  eafily  conceived  from 
the  properties  of  the  nitrat  of  iron. 

I  took  advantage  of  this  property  in  preference  to  any 
other,  in  order  to  apply  it  to  the  analyfis  in  queftion. 

I  diffolved  lOO  parts  of  gadolinite  in  nitric  acid  fufficlently 
diluted  with  water,  and  fubjected  it  to  evaporation,  expofing 
it  to  a  little  heat  towards  the  end,  to  effect  a  complete  de- 
rompofitinn  of  the  nitrat  of  iron.  By  re-diflolving  it  in 
water,  I  obtained,  combined  with  the  nitric  acid  and  dif- 
folved,  the  peculiar  earth  feparated  from  the  iron  and  the 
fjlex.  While  my  folution  ftill  retained  fome  traces  of  iron, 
which  I  eafily  perceived  either  by  the  reddifh  colour  or  by 
the  gallic  acid,  I  again  evaporated  the  liquor  to  drynefs,  or 
I  added  a  drop  of  ammonia,  and  the  iron  was  then  precipi- 
tated under  the  form  of  yellowifh  flakes,  which  I  feparated 
bv  the  filter. 

To  feparate  the  iron  from  the  filex,  I  boiled  the  mixture 
in  muriatic  acid  a  little  concentrated  ;  I  then  dilated  the 
folution  with  water,  and  made  it  pafs  through  the  filter,  in 
order  that  I  might  coUeft  the  filex,  and  v/afii  it  till  it  was  no 
longer  precipitated  by  ammonia. 

In  regard  to  the  new  earth  difl'olved  in  nitric  acid,  it  will 
be  fuflBcient  if  it  be  pure  to  precipitate  it  by  ammonia,  and 
to  wafh  it  to  obtain  it  feparate;  but  having  learned,  bv  pre- 
liminary trials,  that  in  this  ftate  it  is  mixed  with  fmall  quan- 
tities of  lime  and  magnefia,  I  was  obliged  to  employ  fome 
further  means  for  acromplifhing  that  end. 

I  never- 
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I  ncvcrthelcfs  began  to  precipitate  it  by  means  of  ammo- 
nia, which  does  not  precipitate  lime.  I  then  poured  into 
the  liquor,  united  to  the  wafliiiigs  of  the  precipitate,  fomc 
drops  of  a  folution  of  common  carbonat  of  potafl),  arvd  I 
obtained  the  lime  combined  with  the  carbonic  acid.  I  re- 
ditTolved,  for  the  third  time,  in  nitric  acid,  the  earth  mixed 
M  ith  the  oxyd  of  manganefe,  and  added,  in  fmall  quantities 
at  a  time,  a  folntion  of  hvdro-fulphuret  of  potaih,  in  order 
that  I  might  precipitate  only  the  metallic  parts,  which,  with 
a  little  attention,  I  was  able  to  efl'eel. 

I  had  then  the  earth  alone,  fo  that  nothing  was  neceflarv 
to  obtain  it  pure  but  to  precipitate  it  by  ammonia. 

Analyjls  cf  the  Gadolhiite  by  Poiajh. 

I  ftiil  employed  another  method,  which  alfo  fucceeded,  to 
feparate  the  different  elements  which  conftitute  the  gadoli- 
nile:  it  confifts  in  fuling  it  with  two  parts  of  cauftic  pot- 
a(i),  wafliing  the  mafs  with  boiling  water,  and  filtering  the 
liquor,  which  has  a  beautiful  green  colour. 

In  evaporating  this  liquor,  the  manganefe,  which  gave  it 
its  colour,  was  gradually  precipitated  under  the  form  of  a 
black  powder,  which  could  be  eafily  colle<Sled  by  decanting 
the  fupernatant  water. 

When  it  is  obferved  that  there  is  no  more  oxvd  of  manjja- 
nefe,  the  liquor  mull  be  faturated  with  nitric  acid  :  on  the 
other  hand,  the  fcdiment  mult  be  put  to  digeft  with  the  fame 
acid  much  diluted  with  water :  by  thefe  means  the  earth 
alone  difTolves,  producing  a  great  deal  of  heat;  and  the  filex, 
and  the  iron  too  nmch.oxydated,  do  not  dilfolve. 

'I'his  foliuion  with  the  above  liquor,  faturated  with  nitric 
acid,  mult  be  evaporated  to  drynefs,  in  order  that  if  any  parts 
of  iron  and  filex  have  remained  they  maybe  feparated :  in  other 
rcfpe6ts  the  procefs  is  tlie  fame  as  before.  The  latter  has 
tlic  advantage  of  feparating  the  manganefe  from  the  other 
principles,  and  of  rendering  unneceffary  an  operation  the 
furccfs  of  which  is  difficult. 

The  gadoliniie  might  alfo,  rigoroufly  fpeaking,  be  ana- 
lyfed  by  directly  attacking  it  by  the  fulphuric  and  muriatic 
aoids;  but  »as   thefe  acids  diflblve  at  the  fame  time,   and 
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^^ithout  diftinftion,  all  the  elements  which  compofc  tliis 
ftone,  a  hydro-fulphurct  muft  be  employed  to  feparatc  the 
metals;  and  the  ju(l  management  of  this  operation  is  diffi- 
cult, becaufe  the  new  earth  is  precipitated  by  an  excefs  of 
the  re-agent. 

By  the  help  of  thofe  means,  which  I  have  bricflv  explained, 
I  was  able  to  difcover  and  feparate  the  fiib(iances  which 
enter  into  tlie  compofition  of  the  flone  called  gadolitiitt'^ 
Thefe  lubftanccs  are  filex,  bJack  oxyd  of  iron,  lime,  oxyd  of 
manganefe,  aiul  the  peculiar  earth  to  which  M.  ilkeberg 
has  given  the  name  of  Yttria. 

The  proportions  in  which  they  are  fonnd  are  as  follow  : 


n\,  Silex               —              — 

^5'5 

2d,  Oxyd  of  iron                    — 

25 

3d,  Oxyd  of  manganefe         — 

2 

4th,  Lime               —               — 

3 

5thj  The  new  earth,  or  Yttria 

35 

89-5 

Lofs     JO  "5 

Thefe  10*5  form  the  fmalleft  lofs  I  experienced  in  the  dif- 
ferent analyfes  I  made;  for  I  thought  it  necefl'arv  to  employ, 
in  conftrutling  this  table,  the  greateil  quantities  of  each  of 
the  matters  obiained  by  either  of  the  proccfies. 

I  at  firft  thoug-ht  that  this  lofs  arofe  from  fome  alkaline 
fubftances,  as  is  the  cafe  in  feveral  kinds  of  ftone;  but,  hav- 
ing treated  100  parts  by  fulphuric  acid,  I  aJured  myfclf  that 
it  arofe  from  another  caufe;  for,  having  precipitated  by  am- 
monia all  the  earthy  and  metallic  matters  diflblved  in  the 
fulphuric  acid,  and  having  brought  to  a  red  heat  the  fait 
produced  by  evaporating  the  liquor  to  drynefs,  there  remained 
nothing  in  the  crucible  but  a  little  fulphat  of  lime. 

As  I  fufpefted  that  this  was  occafioned  by  fome  volatile 
fubftance,  I  heated,  in  a  platina  crucible,  100  parts  of  the 
flone  reduced  10  powder,  and  found  that  it  had  decreafed 
eight  parts,  and  that  the  remainder  had  afTumed  a  yellowifli 
colour. 

The  flight  efFervefcence  which  I  had  always  remarked 
4  when 
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when  the  ftone  was  difTolved  in  acids,  induced  me  to  ima- 
gine that  one  part  at  lead  of  the  deficit  was  owing  to  the  car- 
bonic acid. 

To  afTure  myfelf  of  it,  I  introduced  into  a  fmall  phial 
100  parts  of  the  matter  in  powder,  and,  after  preparing  a 
glafs  tube,  dertined  to  convey  the  gas  into  tl)e  lime-water,  I 
poured  into  it  fulphuric  acid  diluted  with  a  certain  quantity 
of  water ;  a  fwelling  up  and  heat  were  produced,  and  fome 
air-bubbles  paiTed  into  the  lime-water,  bv  which  it  was  ren- 
dered turbid;  but  the  quantity  of  the  precipitate  was  fo 
fmall,  that  it  was  impoiTible  for  me  to  meafure  it.  As  the 
fpace,  indeed,  in  the  velfels  which  remained  emptv  was  fo 
great,  it  is  probable  the  greater  part  of  the  carbonic  acid  re- 
mained in  it. 

But  this  experiment  fufficiently  proved  to  me  that  the  10'5 
oflofs  belonged  not  merely  to  the  carbonic  acid  ;  for,  though 
the  fpace  furnifhed  by  my  vefTels  was  prcttv  confiderable,  it 
would  not  have  been  capable  of  retaining  it,  and  I  (hould 
alfo  have  obtained  a  greater  quantity  of  calcareous  precipitate. 
In  the  hope  of  finding  fome  other  fubftance,  which,  with 
carbonic  acid,  might  contribute  to  form  this  lofs,  I  put  ico 
parts  in  a  retort  of  luted  glafs,  to  which  I  adapted  a  fmall 
receiver,  and  I  expofed  it  to  a  ftrong  heat.  There  appeared 
in  the  neck  of  the  retort,  and  even  in  the  bottle,  fome  fmall 
drops  of  water,  the  quantity  of  which  was  fo  fmall  that  I 
could  not  weijiji  it.  But  the  matter  taken  from  the  retort 
weighed  no  more  than  91  ))arts.  Thus  it  appeared  to  nie 
that  the  lofs  which  I  experienced  in  my  analyfes  is  chiefly 
owinfr  to  water  and  carbonic  acid. 

Having  given  the  mod  remarkable  chara<Slers  of  the  foOil 
called  gndolimte,  and  the  procefl'es  which  appeared  to  me 
bcft  adapted  for  fejiarating  its  principles,  I  ftiall  now  briefly 
explain  fome  of  the  properties  exhibited  by  the  new  earth 
extrafted  from  it. 

ill,  It  is  perfeftly  white;  but  it  is  pretty  difficult  to  ob- 
tain it  in  that  f^ate  on  account  of  the  oxyd  of  mangancfe, 
^^■hich  follows  it  in  alrnoft  all  its  combinations.     . 

ad,  It  has  neither  favour  nor  fmell. 

3d,  It 
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3 J,  It  is  not  fufiblc  alone^  but  with  borax  it  forms  a  white 
glafs,  which  is  traniparent  wlicn  it  has  nul  been  adJed  in 
excefsi 

4lh,  It  is  not  fcnfiblv  foluble  in  cauftic  fixed  alkalies:  in 
this  it  is  diHerent  from  aluniine  and  olucina^  which  combine 
with  thcfe  very  eafilv  and  in  large  quantity. 

jth.  It  is  foluble  in  the  carbonat  of  ammonia,  but  five  or 
fix  times  lefs  (o  than  gluuina ;  that  is  to  fay,  five  or  fix  times 
more  carbonat  of  ammonia  is  required  to  diltolvc  an  equal 
quantity  of  yttria. 

6th,  It  combines  rapidly  with  the  fulphuric  acid,  and  pro- 
duces heat  in  proportion  as  the  union  is  effected :  the  fait 
thence  refulting  crvllallifes  in  fmall  brilliant  grains  little  fo- 
luble in  water:  it  appeared  to  me  that  more  than  fifty  parts 
of  cold  water  were  necelTary  to  difl'olvc  it,  cfpecially  when 
not  accompanied  with  an  excefs  of  acid.  It  has  a  tafte  at 
fiTlt  aRringent,  and  afterwards  fweet,  like  fugar  or  fait  of  lead. 
This  property,  thoucrh  analogous  to  that  of  glucina,  is,  how- 
eVer,  fo  fenfibly  different  from  it,  that  by  comparing  them 
they  may  be  eafily  diftinguiflicd. 

7th,  Its  combination  with  the  nitric  acid  has  a  more 
ftriking  favour,  hut  it  produces  in  the  mouth  an  effecl  of 
the  fame  nature :  it  cryftallifes  only  with  dilficulty,  and  its 
affinitv  for  water  is  fo  great,  that  it  requires  fome  trouble  to 
dry  it.  During  this  operation,  if  it  be  cxpofed  to  too  much 
heat,  inftead  of  becoming  folid,  like  the  greater  part  of  the 
falls,  it  grows  foft,  and  affumes  the  appearance  of  thick, 
tranfparent  honey;  by  cooling,  it  becomes  hard  and  brittle 
like  a  ftone;  when  expofed  to  the  air,  it  attraels  the  moidurc 
of  it,  and  becomes  foft. 

The  fulphuric  acid,  poured  into  a  folution  of  the  nitrat  of 
yttria,  forms  in  it  a  cryftalline  precipitate,  which  is  a  fulphat 
of  the  fame  earth. 

8th,  The  combination  of  this  earth  with  the  muriatic  acid 
exhibits  nearly  the  fame  phsnomeua,  in  the  feveral  experi- 
ments I  made,  as  the  niirat  above  examined  :  like  the  nitrat 
it  can  be  dried  with  difficultv,  it  is  fufible  by  a  gentle  heat^ 
and  flrongly  attra6ls  the  moifture  of  the  atmofphere. 

^th.  Ammonia  precipitates   yttria  earth  from  the  three 
VoL.VIir.  oC  com- 
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combinations  above  mentioned ;  lime  and  barytes  product 
much  more  fcnfibly  tlie  fame  effciSt. 

loth,  The  oxalic  acid,  and  confequcntly  the  oxalat  of 
ammonia,  form  in  its  folutions  precipitates  which  have  an 
appearance  abfolutely  fimilar  to  that  of  the  muriat  of  filver: 
glucina  with  the  oxalic  acid  forms  a  very  folable  fait — a  new 
difference  between  ihefe  two  earths. 

nth,  Prufliat  of  potafli  cryftallifed  and  re-diffolved  in 
water  occafions,  in  the  folutions  of  this  earth  by  acids,  a  white 
granulated  d'epofit ;  but  this  is  not  the  cafe  in  folutions  of 
glucina. 

lath,  The  phofphoric  acid  does  not  precipitate  it  from 
the  other  acids,  but  the  phofphat  of  foda  feparates  it  under 
the  form  of  gelatinous  white  flakes. 

13th,  It  appears  to  n>e  that  it  has  more  affinity  for,  at 
ieaft,  fome  of  the  acids,  than  glucina  has. 

14th,  It  precipitates  an  infufion  of  gall-nuts  in  brown 
Hakes. 

From  what  I  have  faid,  a  great  number  of  analogies  may 
without  doubt  be  obfcrved  between  this  earth  and  glucina  ; 
but,  at  the  fame  time,  there  appear  differences  which  do  not 
permit  us  to  confound  thefe  two  earths.  Thefe  differencejv 
chiefly  are,  the  infolubilitv  of  the  vttria  and  the  folubility  of 
glucina  in  fixed  cauftic  alkalies  3  the  little  folubility  of  the 
fulphat  of  the  vttria^  and  the  great  folubility  of  glucina,  in 
the  fulphuric  acid  ;  the  difficult  folubility  of  yttria,  and  the 
ready  folubility  of  glucina,  in  carbonat  of  ammonia;  the 
precipitation  of  yttria,  and  non-precipitation  of  glucina,  from 
their  folutions  by  oxalic  acid  and  the  pruffiat  of  potafii. 

Here  then  we  have  nine  kinds  of  earth  very  diflinft  by  the 
properties  peculiar  to  each  :  foon,  no  doubt,  we  (liall  reckon 
ten,  if,  as  we  have  reafon  to  prefage  from  the  accuracy  of 
M.  Tromfdorf,  the  exiftence  of  that  which  he  has  lately  an- 
nounced under  the  name  of  auguJI,  in  the  Saxon  beryl,  be 
realifed. 

Thefe  earths  will  increafe  in  a  wonderful  manner  the 
number  of  the  faline  combinations,  which  are  already  very 
eonfiderable,  and  will  furnifli  to  chemifts  a  multitude  of  new 
oroperties  to  be  ftudicd.     It  is  to  Ix:  wifhed  that  they  may 

find 
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Jlnd  fome  of  them  applicable  to  the  arts,  in  order  that  thefe 
■difcoveries  may  not  remain  altogether  ufelefs.  It  is  to  be 
wiflied  alio,  when  the  properties  of  this  new  earth  ftiall  be 
better  known,  that  cheniifts  may  give  thcnifelves  the  trouble 
to  change  the  name  of  yttria,  by  which  it  is  now  known,  and 
which  is  derived  from  Ytterley,  the  place  where  it  is  found, 
that  another  derived  from  its  cflential  properties  may  be  given 
to  it. 

I  fhall  conclude  with  remarking  the  great  difference  be- 
tween the  refult  of  M.  Ekeberg's  analyfis  and  mine.  I  do 
not  know  exa6tly  to  what  it  is  owing,  but  I  can  aflert  that, 
in  five  analyfes  which  I  made  of  this  ilone  by  dJiferent  pro- 
cefTes,  I  never  had  lefs  tlian  12  of  lofs.  I  prefume  that  a 
certain  quantity  of  moiftuve,  and  perhaps  carbonic  acid,  re- 
mained in  the  new  earth  obtained  by  !M.  Ekeberg,  for  it  is 
chiefly  in  this  point  that  we  difler.  Pie  found  47,5,  and  I 
only  from  34  to  35,  becaufe  I  calcined  it  more  ftrongly. 
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N  our  laft  we  announced  the  publication  of  this  ufeful 
work,  and  promifed  a  few  extracts.  We  now  fubjoin  thd 
following. 

Citric  Acid  [Concrete  Juice  of  lemons'] . 
Scheele  was  the  firlt  perfon  who  found  means  to  obtaia 
the  citric  acid  cryftallized,  and  well  feparated  from  the  mu- 
cilage, which  accompanies  it  in  the  juices  of  thofe  fruits  that 
furnifh  it. 

The  procefs  for  obtaining  this  acid,  according  to  that  che- 
mift^  is  as  follows:  Exprefs  the  juice  of  lemons,  and  leave  it 

3  C  a  at 
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at  reft  for  twenty-four  hours,  to  favour  the  feparatlon  of  the 
mucilage  ;  then  tiher  it  through  paper,  and  faturate  it  with 
a  quantity-of  the  carbonate  of  lime.  The  citrate  of  lime, 
which  refults  from  this  faturatioii,  being  infokihle,  is  preci- 
pitated to  the  bottom  of  the  Hquor :  when  this  depofit  is  well 
formed,  draw  off  the  fupernatant  liquor,  and  wafli  the  preci- 
pitate until  it  becomes  inlipid  and  exceedingly  white  ;  then 
decompofe  this  fait  by  the  help  of  a  gentle  heat,  with  half  its 
weight  of  fulphnric  acid,  diluted  with  fix  parts  of  water;  the 
fulpliuric  acid  takes  the  lime  from  the  citric  acid;  the  greater 
part  of  tlie  fulphate'  of  lime  formed  is  precipitated,  and  the 
citric  acid  remains  free  in  the  water.  This  acid  may  be 
obtained  under  a  cryftalline  form,  by  evaporating  it  to  the 
confiftence  of  clear  fyrup,  and  then  fuftering  it  to  cool. 

Dize,  who  made  feveral  experiments  on  this  fubjeft,  found 
that  an  excefs  of  fulphuric  acid  was  neceffary  to  deftroy  the 
portion  of  mucilage,  which  the  acid  obftinately  retains  in  its 
combination  with  the  lime,  and  which  oppofes  its  cryftallir 
zation.  He  obferved  alfo,  that  to  obtain  the  citric  acid  per^ 
feclly  pure,  it  was  neceffary  to  dilTolve  it,  and  to  caufe  it  tQ 
c  ry  ft  all  ize  feveral  times, 

The  cryftals  obtained  by  Dize  were  rhomboidal  prifms, 
having  their  planes  inclined  to  each  other  at  angles  of  about 
60  or  120  degrees,  and  terminated  on  each  fide  by  fummits 
with  four  faces,  which  intercepted  the  folid  angles. 

One  part  of  diftilled  water  at  the  temperature  of  tep  de- 
grees, according  to  this  author,  diflblvcs  i"25  of  cryftallizcd 
citric  acid,  and,  daring  the  folution,  cold  equal  to  1^  degrees 
{29'  F.)  is  produced. 

This  acid  reddens  blue  vegetable  colours  :  when  expofecl 
to  the  fire  in  clofe  vefiels,  with  a  pneumatic  apparatus,  it  is 
decompofed  ;  an  acid  phlegm,  carbonic  acid,gas,  and  carbo- 
nated hydrogen  gas,  are  obtained  from  it  :  and  a  little  char- 
coal remains. 

Its  cryltals  efflorefce  in  the  air. 

An  agreeable  lemonade  xnay  be  prepared  with  this  acid  : 
for  this  purpofe  Dize  propofes  about  half  a  dram  of  the  acid 
diffolved  in  about  two  pounds  of  water,  and  a  fufficient 
quantity  of  fugar  and  oleojacchafuyn,  made  with  lei^on  peel. 

If 


JSTctif  PulUcatlons.  377 

If  a  bit  of  fugar  be  rubbed  againfl  a  piece  of  orange  of 
lenion-petl,  it  will  irnbibe  the  volatile  oil,  and  form  an  olto- 
faccharum,  (bluble  in  water,  and  cxcccdin^^ly  proper  for  rcn- 
iJcring  certain  liquors  aromatic. 

[  To  be  continued'] 


Mr.  Blair,  of  the  Lock  Hofpital  and  Finfbury  Difpen- 
fary,  aflilled  by  feveral  other  refpeclable  furgeons,  has  been 
fome  time  engaged  in  writing  a  comprcbeufive  SyJIcm  of  mc- 
dtcfll  and  operative  Sitrgerj,  adapted  to  the  prefent  improved 
pra6tic^  at  the  London  Hefpitals,  Sec. 


Mr.  William  Henry,  of  Manchefter^,  has  in  the  prcfs, 
and  in  confiderablq  forwardnefs,  a  fmall  work,  intended, 
partly,  to  facilitate  the  aqquircmqnt  of  chemical  knowledge, 
to  perlbns  entering  on  the  ftudv,  without  the  benefit  of  an 
inftruclor;  and,  partly,  as  a  pocket  companion,  for  the  uie 
of  more  advanced  lludents.  The  firft  part  will  contain  di- 
rections refpetling  the  beft  mode  of  ftudying  chcmiftry; 
and  alfo,  an  arranged  fcries  of  experiments,  neceflarv  to  be 
performed  by  thofc  who  intend  to  become  acquainted,  by 
jiclual  obfervation,  with  the  chemical  properties  and  habi- 
tudes of  bodies.  More  minute  dircilions  will  be  given,  for 
conduftmg  tbefe  experirnents  with  .iuccefs,  than  are  to  be 
found  in  other  elementary  books.  The  fecond  part  will 
comprife  fummary  infrruC:l:ions  rcfpecling  the  analyfis  of 
mineral  waters,  and  of  mineral  bodies  in  general :  and  the 
third  part  will  point  out  forae  of  the  ufeful  applications  of 
chemical  agents,  in  detccling  adulterations,  in  difcovering 
tfoifons,  &c.  The  work  will  form  one  fmall  pocket  volunie; 
and  it  may  be  proper  to  obferve,  that  it  will  not  at  all  inter- 
fere with  the  excellent  little  manual,  lately  publillied  by  INIr. 
Parkinfon^  the  plan  and  objeds  of  which  are  perfedly  difr 
ferent. 
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MISCELLANEOUS   ARTICLES. 


ROYAL  SOCIETY  OF  LONDON. 

X  O  our  prefent  number  we  have  prefixed  a  (triking  like- 
nefs  of  the  Right  Hon.  and  learned  Prefidcnt  of  this  Society, 
a  gentleman  whofe  unwearied  zeal  and  princely  liberality  iu 
promoting  every  thing  that  can  advance  fcience  or  add  to  the 
comforts  of  mankind,  place  him  far  above  any  eulogy  in  our 
power  to  beftow.  We  only  fpeak  the  fentiment  of  the  wbold 
philofophical  world,  when  we  exprefs  our  ardent  wifh  that  be 
may  long  continue  to  prelade  over  that  leanied  Body,  to 
which  the  world  owes  fo  many  difeoveries,  and  which  haa 
made  fuch  ranid  advances  fince  this  Rijrht  Hon.  Gentleman 
was  called  to  the  chair  he  fo  ablv  fills. 

On  the  8th  of  Januan'  the  Society  met  for  the  firft  time 
fince  the  Chriftmas  recef?,  when  the  conclufion  of  DoAor 
Young's  paper  on  the  mechanifm  of  the  eye  was  read. 

An  appendix  by  Dr.  Herfchcl,  to  his  paper  on  the  power 
of  penetrating  fpace  by  means  of  tclefcopes,  was  read.  The. 
means  extend  fo  far  as  to  difcover  nebulse,  the  light  of 
which,  according  to  the  velocity  afcribed  to  that  fluid,  muft  • 
have  been  one  million  nine  hundred  and  ten  thoufand  years 
coming  to  this  earth  ! 

A  paper  on  impoflible  quantities,  by  Mr,  Woodhoufe, 
was  read  the  fame  evening. 

Jan.  15,  a  letter  by  Mr.  William  Hay  was  read,  giving 
an  account  of  a  fliip  fpringing  a  leak  in  the  Indian  feas. 
The  water,  which  gained  fo  fafl  as  to  render  it  impoffiblej 
by  pumps  and  the  ufual  means,  to  prevent  the  (hip  from 
finking,  was  fortunately  (topped  by  pouring  rice  into  that 
part  of  the  fliip.  The  rice  in  four  days  dilTolved,  and  in 
about  eight  davs  after  became  fo  hard  that  with  difficulty 

it 


Jsfeteorotogy.  ']79 

It  could  be  chifcled  out  when  the  (hip  came  Into  port.  The 
author  dates,  that  the  fame  means  have  been  tried  at  other 
times,  but  not  with  the  fame  fuccefs,  and  furmifes  that  heat 
is  neceflary. 

On  the  22d  was  read  a  paper  on  the  produ6lion  of  c,«ld, 
by  means  of  muriat  of  lime,  by  Mr.  Walker. 

The  tirH:  conful  of  France  tranfmilted  to  the  Society 
*'  V^oyaec  autour  du  M(n\de,  par  C.  E.  Marchand,"  4  torn, 
niofl:  handfumcly  hound.  The  thanks  of  the  Society  were 
ordered  to  be  returned  to  the  firft  conful  of  France  for  this 
prefent. 


METEOROLOGY. 

The  following  particulars  refpeCling  the  dorm  on  the  9th 
of  November,  furniihed  by  an  intelligent  correfpondent,  can- 
not but  prove  interefting  10  fome  of  our  readers  : 

The  preceding  night  had  been  ilormy,  with  torrents  of  rain. 
At  9  A.  M.  wind  abated  and  rain  over.  Thermometer  55^. 
Barometer,  defcending  /-^  inch  per  hour,  gave  evident  intima- 
tion of  the  event.  About  noon  it  had  arrived  at  its  lowed  point, 
having  dropped  from  39,9  to  28.5  dncc  the  morning  of  the 
iixth.  At  this  time  it  was  cloudy  and  nearly  calm,  when  the 
wind  veered  to  the  northward,  and  in  a  few  minutes  blew  from 
north-wed  with  adonidiing  violence  for  about  an  hour.  Ther 
quiekfilver,  which  had  fcarcely  become  dationary,  as  fud- 
denly  changed  its  direclion,  and  continued  to  rife  at  the  rate 
of  ~  per  hour  the  whole  afternoon.  It  became  dationary 
at  29,7,  with  a  hoar-frod  in  the  morning.  The  iridex-hand 
of  an  excellent  wheel  barometer,  fixed  againft  a  folid  wall, 
was  obferved  to  librate  continually  during  this  rapid  afcent, 
retreating  about  ~^,  and  then  advancing  a  little  more.  In 
the  fpace  of  about  fix  hours,  on  this  occadon,  the  atmofphere 
pafled  through  near  one-half  of  its  total  variation  of  gravity. 
which  would  require,  in  its  ordinary  courfe  in  this  country, 
about  as  many  days. 

This  impetuous  irruption  of  denfc  air  from  the  northern 
regions  was  probably  occadoned  by  the  didden  ra''efa6lion 
coufequent  upon  a  general  precipitation  of  that  water  which 
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during  the  preceding  four  weeks  had  been  accumulating  irt 
the  atmofphei-e  in  a  diifolved  ftate.  The  lofs,  in  a  cerlaia 
fpace  of  atmofpherej  of  fo  great  a  quantity  of  elaftic  fluids 
and  the  operation  of  its  difengaged  caloric  on  the  remainder, 
will  at  once  account  for  the  etlecl  to  thofe  who  are  acquainted 
uith  pneumatics. 

THE    NEW    ALKALt. 

In  our  lad  (p.  291)  we  mentioned  that  a  Mr.  Ilahncmart^ 
ofAltona,  had  announced  the  difcovery  of  a  new  alkali,  to 
which  he  gave  the  name  of*  pneu-m,  from  its  property  of 
fwelling  by  heat  to  twenty  times  iis  original  volume.  Both 
Klaproth  and  Hermbiiadt  have  lately  examined  this  alkali, 
and  found  it  to  coniift  of  nothing  but  horax. 

ALKALINE    PRUSSIAT. 

Dr.  A.  N.  Scherer  has  (in  his  journal)  recommended  t<5 
chemifts  to  take  up  the  idea  faggeftcd  by  Schccle,  and  to 
endeavour,  by  following  the  hint  given  by  that  author,  to 
produce  a  perfectly  pure  alkaline  prufliat.  Scheele  ftates 
that  prufliat  of  mercury  is  perfectly  free  from  iron,  and  thatj 
were  a  combination  of  that  kind  decomposed  by  an  alkali^ 
the  refult  would  certainly  be  prufliat  of  alkali  entirely  free 
from  iron. 

A    NEW    EARTH. 

The  particular  properties  of  a  new  fpecies  of  earth  called 
Yttria,  of  which  an  account  was  given  by  Ekeberg  in  the?  - 
third  volume  of  Scherer's  iournal,  have  been  confirmed  by 
Klaproth,  who  lately  read  a  paper  on  this  fubjeft  at  the 
Koyal  Academy  of  Berlin,  V^auquelin  haa  alfo  analyfed  the 
ftone  which  produces  this  earth. — See  his  Memoir  on  thi? 
fubllance  in  the  prefent  number,  p.  365. 

CHEMICAL  EXPERIMENTS  ON  THE  MATTER  OF 
BLACK  VOMIT. 

A  memoir  on  the  analyfis  of  black  vomit,  by  Dr.  Cathrall, 
was  read  before  the  American  Philofophical  Society  at  Phila- 
delphia, on  June  20,  1800.  This  is  a  very  interefling  and 
inftructive  paper.  The  experienced  and  intrepid  author  has 
given  a  defcription  of  the  black  vomit,  has  analyfed  the  fluids 
ejected  a  few  hours  before  the  commencement  of  black  vo- 
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miting,  and  exhibited  a  fct  of  experiments  on  the  matter  of 
black  vomit  itfelf :  to  which  he  has  added,  experiments  to 
afccrtain  the  effc<5ls  of  black  vomit  on  the  living  fyftem  of 
man  and  other  animals,  and  a  fynopfis  of  the  opinions  of 
authors  concerning  its  formation  and  qualities.  The  expe- 
riments fliow  that  this  lingular  morbid  excretion  contains  an 
acid,  which  is  neither  carbonic,  phofphoric,  nor  fulphuric ; 
and,  what  our  readers  will  hardly  expe6l,  that  the  black 
vomit  may  be  fmelled,  tafted,  and  fwallowed,  without  in- 
ducing yellow  fever,  or  even  any  ficknefs  at  all  :  fo  little  in- 
fection or  contagion  does  it  feem  to  contain  !  He  concludes 
it  to  be  an  altered  fecretion  from  the  liver. 

TETANUS  CURED  BY  THE  COLD  BATH  : 

Communicated  hi  a  Letter  to  Dr.  R.  H.  Archer,  of  Balti- 
more, hy  Dr.  William  Harris,  of  Pennfylvania*-. 

In  the  autumn  of  1799,  I  vifitcd  a  labourer,  about  thirty 
vears  of  age,  of  a  (lender  make,  but  healthy,  who  was  fuddenly 
feized,  whiKl  in  bed,  with  fpafms  in  his  lower  extremities, 
which  (hortly  after  afleAed  his  whole  fyftem,  but  particularly 
his  ftomach,  which  was  drawn  in  a  hard  lump,  and  protruded 
to  a  confiderable  diftance.  His  pains  were  excruciating.  He 
had  a  violent  vomiting  and  purging,  which  came  on  an  hour 
after  feizure,  and  continued  about  two  hours.  At  one  time 
he  had  emprofthotonos,  at  another  opifthotonos,  to  the 
greateft  degree,  and  fometimcs  complete  tetanus.  The 
mufcles  of  his  face  were  drawn  in  every  direction,  and  de- 
glutition entirely  impeded.  His  pulfe  varied  much,  but  was - 
generally  feeble.  He  could  affign  no  caufe  for  the  attack. 
I  bled  him,  put  him  in  the  warm  bath,  and  ufed  all  the  re- 
medies laid  down  by  medical  writers,  but  without  any  mi- 
tigation of  his  pains,  or  relief  to  his  fpafms. 

At  this  time,  which  was  twenty  hours  after  the  attack,  ■> 
when  the  cold  fweat  of  death  appeared  to  be  upon  him,  his 
tongue  had  refufed  its  office,  his  eyes  funk,  having  a  glalTy 
appearance,  and  his  exit  was  every  moment  exptcled,  it  oc- 
curred to  me  that  the  cold  bath  might  have  a  good  etfeft; 
and,   after  confulting  his  friends,  who  readily  acquiefced,  I 

*  Medical  Riprjjitorv,  vol.  iv.  p.  76, 
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had  him,  in  this  ftate,  carried  in  a  blanket  to  a  forge-dam 
which  was  at  hand,  and  plunged  in.  He  was  then  infenfiblc. 
His  fpafms  immediately  abated,  and,  in  twenty  minutes,  to- 
tally ceafed.  The  debility  induced  by  mufcular  exertion  was 
fuch  that  it  required  feveral  days  before  he  could  be  removed  j 
after  which  he  rapidly  recovered,  and  is  at  this  time  perfedlly 
well. 

This  was  a  complete  tetanus ;  and,  I  think,  tetanus  from 
wounds,  See.  would  yield  to  the  fame  mode  of  treatment. 

TREATMENT   OF   LOCKED-JAW  BY    ELECTRICITY. 

Dr.  Samuel  Perry,  of  Kew-Bedford  [America^ j  has  com- 
municated to  the  public  the  fuccefsful  refult  of  two  experi- 
ments, in  curing  the  locked-jaw  by  means  of  elcftricity. 
Previous  to  the  application  of  the  eleftrical  fluid,  recourfe 
had  been  had  to  bleeding,  cathartics,  antifpafmodics,  the 
warm  bath,  and  opium  applied  internally  and  externally, 
without  the  leaft  effeft  in  either  cafe.  But  a  fmall  receiver 
being  filled,  and  difcharged  through  the  jaws  of  the  perfons 
affetSled,  they  flew  open  inftantaneoufly.  In  one  cafe  the 
complaint  was  entirelv  removed  by  three  fliocks ;  in  the 
other,  by  an  occafional  fliock  for  a  few  days.  Both  the 
patients  were  ftrong  and  healthv  perfons,  the  one  a  man  and 
the  other  a  woman,  and  the  mode  of  treating  them  had  been 
limilar. 


Dr.  Pearson's  Lectures  on  the  Materia  Medica,  Pra6lice 
of  Phyfic  and  Chemifl;ry,  will  recommence  at  the  Elaboratory, 
Whitcomb-ftreet,  Leicefter-fquare,  on  Tuefday,  February  3, 
at  eit>ht  in  the  morning:. 
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cured  by  elecftricitv,  5!"  2. 
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262. 
Wood's  examination  of  St.  Pierre's  hypothefis  of  the  tides,  134,  257. 
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,  remarks  conceriiuig,  187, 


ERRATUM. 
Page  S,  line  u,  i^^x  rubbtd  out,  read  0/'.' J  oat. 
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